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DIRECTOR  NOTES 


I ho  toadei  will  note  a brief  description  of  a foithcoining  SVIC  tniblication  on 
international  shock  and  vibration  technology  on  the  inside  back  cover  of  this  issue 
Ibis  survey  was  a significant  urxlertaking  involving  all  members  of  the  SVIC  staff 
I wish  to  thank  Rudy  Volin,  Gordan  Showalter.  Barbaia  S/ymanski,  and  Caiol 
Healey  for  the  dedication  and  hard  work  that  made  this  ixiblication  t>ossible 
Thanks  are  also  due  to  Ron  Eshleman  for  his  constiirciive  suggestions  and  assis 
tance,  and  to  my  wife,  Sallie,  for  her  volunteer  work  at  home  In  the  future  we 
plan  to  continue  to  look  closely  at  international  information  needs  with  the  hope 
for  providing  a catalyst  for  the  proper  balance  of  international  competition  and 
cooperation 

The  49th  Shock  and  Vibration  Symposium  was  a rleai  suiress  The  readeis  may 
note  the  review  in  this  issue  My  sim:ere  appreciation  is  extended  to  NASA  Goddaid 
Si'ace  Flight  Center  and  Dr  Robert  S Cooper,  Director,  tor  their  excellent  aroper 
dtion  as  Host  Dr  Cooper's  welcome  was  most  sincere  and  inspiring  My  t'articulai 
thanks  to  Brian  KrHrgan  of  Goddaid  Space  Flight  Center  for  arianging  the  out 
standing  local  support  Mr  Stofan  of  NASA  Headquarters  and  the  thiw  invited 
st'cakers  provided  an  excellent  opening  session  We  look  toiward  to  another  out 
standing  symposium  in  October  1979  with  the  U S An  Force  as  Host  in  Colorado 
S(ii  ings 

Beginning  with  the  next  issue  this  column  will  be  headrxl  SVIC  NOTES  I feel  that 
other  members  of  the  staff  at  the  Shock  and  Vibration  Information  Centei  should 
have  an  opportunity  to  (lass  along  their  thoughts  legarding  SVIC  oinnations  in 
particular  and  the  technology  in  general  I,  of  courstv  will  rontinue  to  write  an 
orcasional  column  We  will  also  inc  lude  significant  SVIC  news  and  announcements 
when  appropriate  For  now,  let  me  wish  each  and  every  reader  a Hapiry  and  Pros 
perous  1979 
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ANNUAL  SERVICE  PACKAGE*  OF  THE  SHOCK 


PUBLICATIONS 

BULLETINS 

a collection  of  technical  papers  offered  at  the  SHOCK  AND  VIBRATION 
SYMPOSIA  published  once  a vear.  Catalog  listing  back  issues  available  from 
SVIC. 

DIGEST 

a monthly  publication  of  THE  SHOCK  AND  VIBRATION  INFORMATION 
CENTER  containing  abstracts  of  the  current  literature,  continuous  literature 
review,  feature  articles,  news  briefs,  technical  meeting  calendar,  meeting 
news,  and  book  reviews. 

MONOGRAPHS 

a series  of  books  on  shock  and  vibration  technology.  Each  author  surveys  the 
literature,  extracts  significant  material,  standardizes  the  symbolism  and 
terminology  and  provides  an  authoritative  condensed  review  with  biblio- 
graphy. Brochure  listing  available  monographs  can  be  obtained  from  SVIC. 

SPECIAL 

PUBLICATIONS 

special  technology  surveys,  facility  surveys,  proceedings  of  special  seminars 
and  other  publications  as  needed. 

'for  irtformation  on  obtaining  the  SVIC  Service  Package  including  publications  and  services,  contact  the  SVIC. 
Nava!  Research  Laboratoiy,  Code  8404,  Washington,  D.C.  20375,  (202)  767-3306.  These  publications  and 
services  may  also  be  obtained  on  an  individual  basis. 
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AND  VIBRATION  INFORMATION  CENTER 


INFORMATION  SERVICES 

DIRECT 

INFORMATION 

SERVICE 

the  Center  handles  requests  for  information  via  mail,  telephone,  and  direct 
contact.  The  Center  technical  specialists,  who  are  experts  in  the  shock  and 
vibration  field,  have  the  SVIC  computer  implemented  SHOCK  AND  VIBRA- 
TION INFORMATION  BASE  at  their  disposal. 

WORKSHOPS 

workshops  on  shock  aruj  vibration  technology  are  organized  and  sponsored 
by  the  Center.  Experts  on  specialized  technology  give  lectures  and  write 
articles  for  the  workshop  proceedings. 

SYMPOSIA 

annual  shock  and  vibration  symposia  bring  together  working  scientists  and 
engineers  for  formal  presentations  of  their  papers  and  for  informal  informa- 
tion exchanges. 
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EDITORS  RAHLE  SPACE 


THI-.  HALANCK  BF.TWKKN  TIIKORY  AND  PRACTICE 


OuFiru)  .1  rL‘(»Mii  coutse  on  vibrations  some  ot  Itie  ()arliti|J<ints  (ompldined  about 
the  guantitv  ot  ''theory  " (iresentecl  "Theory  " included  both  physical  destriinions 
and  matheriiatical  analysis  of  vibrations  That  many  prar.t icing  engineers  share 
this  attitude  is  not  m ws  to  me  Some  engineers  atrparently  cling  to  the  fallacy 
that  any  vibration  (iroblem  can  be  solved  by  the  "cookbook  method"  matclimg 
tile  (irobU'm  to  a similar  lasct  history  that  has  been  published  in  the  literature 
Although  I firmly  (relieve  that  a person  learns  from  lasr;  fiistories,  I knirw  that 
many  vittration  problems  cannot  be  solved  by  comparing  thenr  to  case  histones 
or  (rlacing  them  in  some  neat  solution  category  Vibration  (rroblems  typically  are 
unique  because!  an  almost  infinite  number  of  possibilities  for  trouble  exist  tom 
plicated  structures,  foundations,  bearing  supports  For  these  rttasons  some  theory 
must  be  rnixeri  with  (rractii'e  if  only  to  provide  the  engineer  witfi  a better  under 
standing  of  what  is  hafi[>e!ning  in  the  mar  hine  or  structure 

On  the  other  hand,  theory  must  Ire  tempered  with  practical  knowledge  The  use  of 
theory  alone  to  solve  vibration  problems  will  undoubtedly  lead  eventually  to  a 
complete  disaster  Mathenratual  descriptions  of  vibrating  objects  are  at  best  in 
complete  The  complexity  of  most  real  vibration  problems  defies  detailed  descrip- 
tion by  rt'athenratics,  however,  some  understanding  of  the  physics  can  be  ob- 
tained by  the  engineer  who  can  think  in  terms  of  sinrple  mathematics  Mathematical 
models  that  describe  the  important  asjrects  (structural  or  functional  failure  related) 
of  a vibration  jrroblem  are  tools  that  should  not  be  overlooked  Mathematical 
models  jirovide  physical  understanding  as  well  as  quantitative  information  Such 
information  should  compliment  observations,  measurements,  and  signal  analysis 

In  my  ojnnion.  therefore,  no  powerful  tool  should  be  overlooked  or  neglected  in 
attempts  to  solve  vibration  problems  It  is  likely  that  a nasty  and  persistent  problem 
will  force  the  enginc'er  to  use  all  the  tools  available  If  he  bypasses  some  tool  -- 
prar  tical  or  theoretical  he  prolongs  his  difficulties  and  possibly  never  finds  a 
solution  to  his  problem 

R.L  E. 
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EVALUATION  OK  STIFFNESS  ANI)  DAMPING  COEFFICIENTS 
FOR  FLUID  FILM  BEARINGS 

J.W.  Lund* 


Abstract  ■ Methods  for  calculating  fluid  film  bearing 
stiffness  and  damping  coefficients  are  briefly  de- 
scribed. Restrictions  imposed  by  such  assumptions 
as  linearity  are  evaluated.  Experimental  methods 
used  to  obtain  data  necessary  to  determine  the 
coefficients  are  presented. 


ticienls  They  represent  the  virtual  mass  of  the  bear 
mg  film  (101  but  are  significant  only  in  exceptional 
cases 

By  adopting  frequency  domain  representation, 
equation  (21  can  be  written  in  matrix  form. 


In  analysis  and  design  ralctilations  in  rotor  dynamics. 
It  IS  common  to  mixJel  fluid  film  bearings  as  dynamic 
systems  with  linear  stiffness  and  damping  properties 
From  lubrication  theory  the  bearing  reactions  are 
functions  of  the  lournal  renter  cTrordiriates,  x and  y, 
and  the  associated  velocities,  x and  y 

' B^(x,y,x,v.S)  By  “ F!y (x,v,x,v,S)  (1) 

The  dimensionless  Sommer feld  number.  S,  serves 
to  define  the  operating  conditions  (speed,  lubricant 
viscosity,  static  load,  geometry)  At  any  particular 
static  equilibrium  (losition  with  coordinates  Xq  and 
Vjj,  to  which  belongs  a unique  value  of  S.  a first 
order  expansion  of  the  reaction  forces  can  be  em 
ployed 


AB^  • ^x”^xo”  *''xx^’'^*''xv^T+Bjj^Ax+B^yAv 

(2) 

ABy  = By-Byg'  K y y A X ♦ K y y A V By  , A X + By  y A V 


where 

Rxo  = 

^x^^O'Xo’O.O-S) 

Byo  “ By(Xo,yo.0.0,S) 

aRx 

3R„ 

Kxx  = 

'"ST-’o 

®XX  “ ^0  (3) 

K * 

dR. 

1 — 

aR„ 

B = I 1 

p 

> 

»xy  >0 

and  similarly  for  the  remaining  coefficients  The 
coefficients  that  are  evaluated  for  a particular  static 
equilibrium  position  become  functions  of  the  Som- 
merfeld  number  This  means  that  for  a given  applica 
tion,  they  are  functions  of  rotor  speed 

It  should  be  added  that  equation  (2)  in  a more  com- 
plete  form  also  contains  four  acceleration  coef- 
'Department  of  Machine  elements.  Technical  University  of 
Denmark,  Lyngby,  Denmark 


^xx  ^xyi 

Jx  (4) 

^yx  ^yy/ 

The  Zs  are  impedant'es 

^xx  * *^xx  '‘*^®xx 

For  gas  bearings  (8)  and  such  bearing  types  as 
pivoted  pad  bearings  (51  or  floating  ring  bearings, 
the  real  and  imaginary  parts  of  Z become  frequency 
dependent  This  implies  that  the  stiffness  and  damp- 
ing coefficients  are  functions  of  frequency 

The  damping  coefficients  are  symmetric  (B^y^By^). 
but  the  stiffness  coefficients  are  not  (X^yf^y^l 
Therefore  principal  directions  do  not  exist  Thus, 
in  an  experimental  determination  of  the  coefficients, 
it  IS  necessary  to  obtain  two  independent  sets  of  am- 
plitude force  measurements.  B and  X in  equation 
(4)  become  2 by  2 matrices,  which  are  complex. 

CALCULATION  METHODS 

Several  methods  for  calculating  the  stiffness  and 
damping  coefficients  have  appeared  in  the  literature. 
In  one  method  some  form  of  an  approximate  analy- 
tical solution  of  the  lubrication  equation  (Reynold's 
equation)  is  derived;  the  coefficients  are  then  ob- 
tained by  partial  differentiation  |7,  9) . The  method 
is  cumbersome,  and  its  use  has  been  limited  to  plain 
cylindrical  bearings,  particularly  short  ones  Alter- 
natives are  the  many  available  numerical  solutions 
of  Reynold's  equation  The  coefficients  are  obtained 
by  simple  numerical  differentiation  and  computed 
from  the  change  in  forces  caused  by  small  but  finite 
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itu  roitu'nts  in  journal  cnntet  rtiord mates  and  ve 
locities  [2,  ‘I,  Ol  It  IS  (.liltiMilt.  Iiowirvi'i.  to  assure 
satistaetory  nurnental  d(.iur;nv.  I’Sirer  rally  at  small 
eccentricity  ratios  This  ditticulty  alsrj  exists  with 
the  method  in  which  the  stiffness  coefficients  are 
ulculated  by  differentiatini)  the  static  eiiuilibrium 
locus  [19)  Tins  metfiod  is  also  restrntiHi  to  an 
axisymnictnc  qirometry,  le,  tfie  iilairi  cylindiiial 
bear  inij 

The  coefficients  can  be  obtainixf  as  true  ijradients 
usinrj  a (terturbation  solution  tor  equation  (3)  [1,  3, 
81  The  ste.idy  state  bearinq  film  (iressure  P(,  is()iven 
a small  (rerturbation  A(i  The  resultiriii  (iressure  () 
becomes 

p Po*A|i  (loCp^AxtiiyAy+PiAirpyAv  (G) 

Substitution  into  Heynold's  equation  results  in  five 
(lartial  differential  equations,  one  lor  each  of  the 
five  pr(*ssuri!  comiionents  Because  ttie  ixtuations 
have  a common  otierator.  they  can  readily  be  solved 
by  available  numerical  techniques  The  (xjefficients 
can  then  be  comiiuted  by  integration  of  individual 
pressure  components 


ASSUMPTIONS  IN  TIIK  ANALYSIS 

Trorn  a thrroretical  point  of  view,  the  expansion  of 
the  bearing  reactions  by  coefficients  is  valid  only 
for  infinitesimal  amplitudes  The  forces  are  actually 
highly  nonlinear  functions  of  their  arguments 
especially  the  jouinal  center  coordinates  but, 
brtcause  the  forces  always  increase  with  increasing 
eccentricity,  their  replacement  by  linear  coefficients 
is  equivalent  to  replacing  a hardening  softening  spring 
characteristic  with  a mean  gradient  This  gradient  is 
sufficiently  accurate  for  most  cases  of  interest  For 
light-  and  medium  loadrxf  bearings  (ecrentricity  ratios 
up  to  Vi),  the  linearized  coefficients  apply  for  am- 
plitudes as  large  as  50  percent  of  the  clearanat,  a 
range  that  is  less  than  10  (tercent  for  higher  bearing 
loads,  that  is,  eccentricity  ratios  in  excess  of  0.7 
[9,  30)  It  should  be  mentiomxf  that,  as  the  journal 
whirl  orbit  increases,  its  center  no  longer  coincides 
with  the  static  ixtuilibrium  position  but  moves 
gradually  closer  to  the  bearing  center  This  move- 
ment does  not  affect  the  dynamic  amplitude 


I tie  lestrictions  on  the  theory  iiigiosed  by  ttie  as 
sumjition  of  linear  ity  are  not  neivssarily  ttie  most 
senous  ones  For  exangile,  ttie  solution  of  Heynold's 
equation  is  usually  based  on  ttie  assumption  of  iso 
theimal  uiixfitions  witti  a known  film  temtierature 
(viscosity)  Ihis  teiign'iature  is  often  difficult  to 
tiiedict  In  addition,  some  hyjiothesis  governing  the 
mechanism  of  film  rupture  might  not  be  adequate 
under  dynamic  conditions  There  is  also  a largely 
unknown  effect  from  oil  supply  pressure  and  oil 
sigijily  conditions  in  general  Finally,  the  coefficients 
may  be  quite  sensitive  to  manufacturing  tolerances 

I I 1 1 and  alignment 

The  significaiii e ol  these  (iroblems  has  been  illus 
tiated  in  numeious  tests  on  the  performance  of 
tieaiings  undei  static  load  conditions,  examples  have 
been  (lublished  [12  151  As  a rule  appreciable  dif 
feienies  are  common  between  theoretical  prc'dictions 
and  ex(ieiimental  lesults,  not  only  m the  shape  of 
the  static  t'quilibrium  locus  but  also  in  the  coriela- 
tion  between  Sommerfeld  numbei  and  journal  ec- 
centiicity  Thus,  toi  two  reasons  the  dynamic 
coefficients  depend  directly  on  the  static  equilibrium 
(losition  and  the  stiffness  coefficients  are  strongly 
related  to  the  shape  ol  the  locus  curve  there  seems 
niK'd  for  additional  imcirovements  in  the  lubrication 
analysis  rathei  than  tuithei  lefinoments  in  the  dy 
namic  analysis 


DATA  FOR  TDK  COKFFICIKNTS 

Few  data  are  available  in  the  accessible  published 
literature  for  the  dynamic  coefficients  for  bearing 
tVties  used  (14,  6,  261  Because  such  data  are  re- 
quited in  rotoi  dynamics  calculations,  existing 
demands  are  far  from  being  met  In  addition,  the 
large  numbei  of  bearing  types,  each  having  several 
geometrical  parameters,  makes  difficult  the  task 
of  covering  the  range  of  application.  Furthermore, 
tables  of  coefficients  require  interpolation,  so  that 
reasonably  close  spacing  in  the  data  points  is  neces- 
sary for  accurate  results,  and  much  more  data, 
and  consequently  large  tables,  are  required  Many 
usr’rs  therefore  prefer  to  have  access  to  a computer 
program  to  generate  data  tailored  to  their  particular 
needs 


6 


MKASLRKMENTS  OF  THE  COEFFICIENTS 

L x(Jt>niiienjal  deter  rninai  ion  of  the  coefficients 
necessitates  accounting  for  the  impedance  of  the 
rotor  The  vector  of  mriasured  rotor  amplitudes 
X„,  IS  related  to  the  vector  of  applied  forces  F 
and  the  generated  hearing  supirort  forces  S by  the 
matrix  equation 

Xm  = G,S+G,F  (7) 

The  imfiedance  matrices  Gi  and  Gj  belong  to  the 
free  shaft  They  can  be  calculated  or  sometimes 
measured  An  analogous  equation  applies  at  each 
bearing  such  that  for  bearing  number  n 

^n  ' I n^ 

When  the  number  of  amplitude  ineasurement  loca- 
tions equals  the  number  of  bearings,  the  equations 
have  the  solution  shown  below 


s=g;  (x,„ 

- GjFI 

(9) 

^n  “ *^i  n^i 

IX^-  GjFl-t-hjpF 

(10) 

The  vector  S is  made  up  of  the  individual  bearing 
reactions  Ftp 


Hence  can  be  expressed  by  means  of  equation 
(9) 

RM  = GnlXm-G,F]  (12) 

Equations  (4),  (10),  and  (12)  can  be  combined  to 
yield  equation  (13) 

(13) 

ZniH.nG,'’  lXm-GjFl+H,nF{=  Gn(X^-G,Fl 

Zp,  is  the  2 by  2 matrix  of  bearing  coefficients;  see 
equation  (4)  The  equation  can  be  solved  for  Zp, 
when  there  are  at  least  two  independent  sets  of 
measurements,  Xpp,,  prcxfuced  by  two  independent 
sets  of  applied  forces  F. 

Most  test  rigs  are  designed  to  measure  the  coefficients 
direaly  and  have  only  a single  test  bearing.  The 


bearing  floats  on  a rotating  shaft  115,  17-20,  24-261 
In  that  case  equation  (13)  reduces  to  equation  (14) 

ZnX,P,  = w'MX^+F  (14, 

M represents  the  mass  of  the  bearing  housing,  and 
cj  IS  the  frequency. 

This  design  has  many  advantages,  one  of  v/hich  is 
the  ease  by  which  the  static  load  and  the  applied 
force  can  be  varied  The  tests  referenced  differ 
somewhat  in  the  choice  of  forcing  type,  although 
all  employ  harrTxjnic  forces 

Test  results  confirm  the  general  validity  of  the 
theory,  but  is  is  not  unusual  to  find  discrepancies 
of  50  percent  or  more  in  a point-by-point  compari- 
son It  is  difficult,  however,  to  analyze  the  degree 
to  which  the  results  may  be  affected  by  measure- 
ment tolerances  and  by  uncertainties  in  establishing 
test  parameters.  The  last  is  especially  true  when  - 
as  is  usually  the  case  - the  measured  static  locus  does 
not  coincide  with  the  theoretical  one. 

It  is  also  possible  to  measure  the  coefficients  of 
bearings  in  a rotating  machinery  application  Such 
measurements  require,  as  shown  by  equation  (13), 
that  the  shaft  impedances  be  known.  The  relation- 
ship between  the  applied  forces  and  the  measured 
amplitudes  can  be  expressed. 

X,^  = G3F  (15) 

After  G3,  a transfer  matrix  to  be  determined  from 
tests,  is  obtained,  equation  (13)  can  be  solved  for  the 
bearing  coefficients 

Because  of  the  practical  difficulties  of  exciting  a 
rotating  shaft  by  an  external  harmonic  force,  a 
method  has  been  developed  to  obtain  the  trans’snt 
response  from  snapping  a loaded  strap  [16).  G3 
is  then  determined  by  Fourier  transform  analysis. 
Problems  arise  in  determining  the  time  history  of 
the  force  and  in  eliminating  noise  and  residual  syn- 
chronous response,  but  the  results  look  yery  prom- 
ising. Similar  problems  would  be  expected  to  arise 
with  another  method,  in  which  a random  excitation 
is  used  to  obtain  the  transfer  matrix  from  cross- 
correlating  response  and  force  [33] . 

From  a practical  point  of  view,  the  simplest  method 
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IS  lo  iis<*  an  unbalance  force  as  excitation  As  seen 
from  iKtuation  (13),  this  would  require  tests  with 
a minimum  of  two  dissimilar  unbalance  disliibutions, 
such  a distiibution  IS  readily  done  Thus  far,  however, 
the  method  has  not  been  used 

Measured  values  of  sfumg  and  damping  coefficients 
have  been  calculated  on  the  basis  of  measured  un- 
balani*  lesironse  whirl  orbits  [2123),  but  the 
orossroupling  (oetficients  are  ignored  The  results 
therefore  represent  some  form  of  effective  rotor- 
bearing  coefficients  arxf  not  the  true  film  coefficients. 

Damping  coefficients  have  been  measured  in  the 
stiecial  lase  of  squeeze  film  dampers  which  are 
equivalent  to  bearings  with  a nonrotating  lournal 
127.  281  The  results,  in  general  agreement  with 
theoreiiidl  predictions  are  sensitive  lo  conditions 
of  oil  supply  and  film  rupture 

In  many  tests  with  rotors  and  machinery  measured 
restxrnsp  has  been  compared  with  calculated  res|.ionse 
Beiause  the  calculations  are  based  on  theoretical 
values  for  the  bearing  coefficients,  they  serve  as 
an  indirect  check  on  the  theory,  and  agreement  is 
usually  satisfactory  Theoretical  whirl  amplitudes  and 
phase  angles  compare  well  with  experimental  valurts 
|29,  30.  321 , at  least  for  engineering  purposes  Good 
correlation  has  also  been  found  (31,  321  m the  case 
of  measurements  of  the  dynamic  film  pressure, 
lalculatrxl  from  equation  (6)  There  are  indications, 
however,  that  the  unbalance  restionse  of  a rotor 
frequently  is  not  very  sensitive  to  deviations  in  the 
values  of  the  bearing  coefficients 

A more  iritiial  test  is  the  determination  of  the 
threshold  of  msiabilily  (6,  17,  34|  . The  onset  of 
self  exr  ited  whirl  is  often  ill  defined,  however,  and 
the  (xissible  infliienrc  from  extraneous  damiung  may 
bi'  diffir lilt  lo  assitss  Even  so,  tests  tend  to  confirnt 
the  validity  of  the  theory  within  the  exixtrimental 
tolerance  band 

CONCLUSIONS 

The  method  by  which  the  dynamic  characteristics 
of  fluid  film  bearings  can  be  represented  by  linearized 
stilfrw'ss  and  damping  coefficients  (or  impedances) 
has  been  well  established  by  lests  and  analysis  A 
siarte  in  the  development  of  the  state  of  the  art  has 


been  reached  in  which  improvements  and  further 
investigations  are  needed  First,  a better  under 
staixfing  of  the  fundamental  behavior  of  bearings  is 
required  There  seems  little  point  in  refining  dynamic 
analysis  until  better  agrtternent  between  theory  and 
measurements  has  been  obtained  on  the  performance 
of  static  bearings  On  the  other  harxf,  the  existing 
methods  and  data  are  sufficiently  accurate  for  most 
practical  design  purposes 
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PARAMKTKR  IDKNTIKICATION  TKCHNiyUKS  FOR  VIBRATING  STRUCTURES 

A.  Berman* 


Abstract  ■ A brief  description  of  mathematical  for- 
mulations of  a vibrating  structure  is  presented. 
Several  categories  of  parameter  identification  are 
described.  Related  works  published  in  the  past 
several  years  are  categorized.  Surveys  covering  earlier 
contributions  are  referenced. 

The  niaionly  of  the  work  in  parameter  identification 
tec  hniques  carniKl  out  since  197b  has  been  related  to 
improvements  in  applymc)  techniques  that  have  been 
in  existence  for  a numter  of  years  Validated  and  gen 
erally  accepted  techniques  tor  the  experimental 
determination  of  the  structural  parameters  of  vibrat 
ing  structures  are  not  available  Considerable  basic 
restrarth  in  this  aiea  is  needl'd. 

Mathematical  Formulations 

1 he  common  time  domain  discrete  formulation  of 
the  (>quation  of  motion  of  a linear  vibrating  siruc 
tore  IS 

[Ml  |x,|  + ICj|i,|  + lKl{x,|  = |t,}  (II 

wliere  (Mj  , |Cl,  |K|  are  the;  familiar  mass,  damping, 
and  stiffness  matrices,  | | is  a vector  of  the  physi 

cal  degree's  of  freedom,  anci  | f^  { is  a vector  of  the 
forcing  functions  Nonlinc'arities  may  appear  in  the 
matrices  or  as  additional  terms  m the  ctquation.  Thcrsc.' 
equations  are  often  written  as  a set  of  first  order 
t'quations  in  the  stair'  vanabli'S  The  coefficient 
matiic.es  are  not  directly  measurable  (2).  If  these 
ditferi'iitial  c.'qualions  are  solvi'd  using  spcrcific  forcing 
solution  vectors  | x,  [ ■ | ■ 

quantities 

If  the  forcing  is  assumed  to  be  sinusoidal  at  a fre 
C|uent:y  to,  the  equation  is  transformable  to  Ihi' 
frequenr  y domain 

|M]  +iw|C|  + |K|j|x,J  |l^^,  I (2) 

Thi'  matrix  on  the  left  is  an  imtx'dani  e lyiie  matrix 
Its  inyerse  is  a motrilily  matrix,  and  ear  ft  I'lement  is 


a transfer  function  These  elements  are  measurable 
and  represent  the  resfronse  of  rrach  point  on  the 
structure  to  a sinusoidal  force  at  each  (xjint. 

tquation  (1)  may  fxi  transformed  into  an  undamped 
eigenvalue  problem  by  srrtting  | f^  | and  |C1  equal 
to  0 

-Wj^  |M1  H + |K]  {tir}  , * 0 (31 

where  | 1 , is  the  ith  normal  mode,  and  is  the 

corresponding  natural  frc'quency.  The  normal  modes 
and  natural  frequencies  are  classified  as  measurable 
(21  even  though  s()ecial  processing  of  test  data  is 
required  in  order  to  identify  them. 

The  matrices  of  equation  (1)  and  the  impedance  and 
mobility  matrices  (or  transfer  functions)  of  equation 
(2)  can  be  expressed  in  terms  of  these  modal  parame- 
ters 12) 

Parameter  Identification 

The  process  of  using  test  data  to  identify  or  correct 
the  elements  in  any  of  the  above  equations  is  called 
(laraineter  or  system  identification. 

When  identification  of  the  physical  characteristics  of 
the  structure  isdesirr'd,  a method  for  determining  the 
elements  of  the  coefficient  matrices  of  equation  (1) 
must  bt'  used  Such  a method  is  necessary  in  order 
to  establish  a baseline  analytical  model  when  physical 
changes  or  boundary  condition  changrrs  are  to  be 
studied 

Identification  of  imtHidarue  or  mobility  matrices, 
e(|uation  (21,  ran  be  used  to  study  the  effects  of 
various  forces  on  the  structuri!  or  lor  a component 
synthesis  analysis  When  resi>ons<' at  strecific  locations 
in  the  structure  is  desired,  individual  I'lements  of  the 
mobility  matrices  or  transfer  functions  must  be 
identified 


The  identilii ation  of  modal  parametrrrs, equation  (3), 
• Principal  Research  Engineer,  Kaman  Aerospace  Corporation,  Blooinlield,  Connecticut 


functions,  the  resulting 
and  I X|  I are  measurable 


IS  us«l  tor  qenurjl  vdlidalion  ot  an  existini)  andlylical 
tiiodol,  tor  tx)Miponunt  syothosis,  or  to  forin  iin 
ptxldrKt!  diKi  mobililv  matrices  in  a senes  fotni. 

Literature  Review 

An  ASML  iniblii'dtion  (1|  eontains  several  ciisr  its 
sions  ot  teihniques  and  aiirilications  of  system 
identdieation  and  numerous  references  to  (>asl 
works  Other  surveys  (2,31  also  contain  many  useful 
references  publistuxl  before  f97b 

A relatively  small  amount  of  work  has  recently  been 
published  related  to  the  direct  identification  ot  mass, 
dampiriy,  stiffness  matrices  (4  7) 

The  maiority  of  structural  parametei  identification 
research  and  applications  has  been  in  the  areu  of 
modal  parameters  (8  22)  This  is  partly  due  to  the 
new  families  of  equipment  and  software  that  have 
become  available  in  the  past  several  years  lor  deter 
mining  these  parameters 

Work  related  to  the  determination  of  transfer  func 
tion  or  mobility  representations  has  also  been  (mb 
lished  123-271 

Finally,  several  papers  have  eniphasi/ed  such  con 
siderations  as  correlation  of  test  data,  nonlinear  sys 
tern  parameters,  and  distributed  parameters  (28  .351 


RKFKRKNCES 

Surveys 

1 Pilkey,  WD  and  Cohen,  R,  (Eds).  System 
Identification  of  Vibrating  Structures,  ASML, 
New  York  (1972) 

2.  Berman,  A , "Determining  Struitural  Parame 
ters  from  Dynamic  Testing,"  Shock  Vib  Dig  . 
_7  (1 ),  pp  10-17  (Jan  1975). 

3 Gersch,  W , "Parameter  Identification  Stochas 
tic  Process  Techniques,"  Shock  Vib  Dig  ,_7  (1 1 1, 
pp  71-86  (Nov  1975). 

Mass,  Damping,  Stiffness  Matrices 

4 Beliveau,  J.,  "Identification  of  Viscous  Daminni) 
in  Structures  from  Modal  Information,"  J 
Ap|)l  Mech.,  Trans.  ASME,  43  (2)  (June  1976) 


5 Berman,  A , "System  Identification  of  a Com 
pli'x  Structure,"  AlAA.'ASME/SAt  16th  SDM 
Conf  . Denver,  CO  (AIAA  Paper  No  75  8091 
(May  1975) 

6 Bowes,  M A aiiii  Berman,  A.,  "Prediction  ot 
Vibration  and  Noise  ot  a Transmission  Using  a 
Dynamic  Model  Partially  Derived  from  Test 
Data,"  Pioc  23id  Ann  Mtg  , Inst  Environ 
See,  Los  Angelos,  CA  (Apr  1977) 

7 Caravani,  P , Watson,  M L , and  Thomson,  W T . 
"Hocuisive  Least  Squares  Domain  Identification 
ot  Structural  Parameters,"  J AppI  Mech  , Trans 
ASME.  99  (1)  (Mar  1977), 

Modal  Parameters 

8 Chen.  J C and  Gaiba,  J A.,  "Determination  of 
Piotrellant  Effective  Pio(ierties  Using  Modal 
Test  Data,"  Shock  Vib.  Bull  , U S Naval  Res 
Lab  , Proc.,  No  45  (Oct  1974) 

9 Cramer,  J C and  Lalanne,  M..  "Dvnarnic  Be 
havior  of  Comirlex  Structures,  Usir  g Part  Ex 
(reriment.  Part  Theory,"  Shock  Vib.  Bull..  U S. 
Naval  Res  Lab.,  Proc  , No  46.  Pt  5 ()976). 

10  Dat,  R , "Determination  ot  the  Natural  Modes 
ot  a Structure  form  a Vibration  Test  with  Ar 
bitrary  Excitation."  Royal  Aircraft  Estab  , 
Farnborough,  UK,  RAE  Lib  Trans  1 741  (trans 
lated)  (Jan  1974). 

11  Dunn,  WH,  "Modal  Analysis  of  Transient 
Resttonse  Data  Using  a Complex  Exponential 
Algorithm,"  Soc  Environ  Engr.,  Proc..  Imperial 
Collc'ge,  London  (Apr  1977) 

12  Durham,  D J.  and  Russell,  R H.,  "Modal  Analysis 
with  the  DMS/TSA  System,"  SAE  Paper  No 
760877 

13  Gersch,  W,  Taoka,  G.T.,  and  Liu,  R.,  "Struc 
tural  System  Parameter  Estimation  by  Two 
Stager  Least  Squares  Method."  ASCE  J Engr. 
Mech  Div.,  U^(EM5I  (Oct  1976) 

14  Flassolman,  T.K  , "Damping  Synthesis  from  Suli 
structirro  Tests,"  A AA  J.,  J_4  (10)  (Oct  1976). 

15,  Ibrahim,  SR  anu  Mikulcik,  E.C.,  "The  Ex 


14 


'I 


1)01  iiiuiuldl  DoU‘iiiiin<itii)n  ol  Vibtjtion  PcUjmo 
tors  from  Tiino  Hos|)onsos,"  Shook  Vib.  Bull, 
US  Naval  Ros  l.ib.Pioo.No  46,  Pt  b (19/6) 

16  Ibrahim,  S R and  Mikuloik,  FC  , "A  Motliod 
lor  the  Uirect  Idontdioation  of  Vibration  Pa 
rametors  troiri  the  Fret*  Ros()oriso.''  Shook  Vib 
Bull  , U S Naval  Res  La))  , Pioo.,  No  4/,  Pt 
4 (Sept  1977) 

17  Klostoiinan,  AL,  MoCloland.  W A , .ind  Shoi 
look,  .1  r , "Dynamic  Simulation  ot  Complex 
Systems  Ulili/iriy  t xperimerital  and  Analylical 
Tochnigues,"  ASMt  Paper  No.  7bWA/Aoro9 

18  Lopport,  F L.,  Wada,  B.K.,  and  Miyakawa,  R , 
"(VIodal  Tost  Results  ot  Vikinq  Orbitei,"  Shook 
Vib  Bull  , U S Naval  Flos  lab  , Proc  , No  44, 
Pt  2 (Auq  1974) 

19  Miramand,  N , Billaiid,  .1  F , LoLoiix,  I , and 
Koinovrv,  I P , "IdontifKation  ot  Smntuial 
Modal  Parameters  by  Dynamic  Tests  at  a Sinqlo 
Point,"  Shock  Vib  Bull  , U S Naval  Res  L.ib  , 
Proc.,  No  46,  Pt  5 (1976) 

20  Rirhardson,  M and  Pottoi,  R,  "Identitication 
o(  the  Modal  Properties  ot  an  Flastio  Stiuctuie 
(lom  Measurixl  Transfer  function  FTata,"  Proc 
?0lh  Inti  Instium  Synip  , Albuttuerque,  NM 
(May  1974) 

21  Richardson,  M and  Kniskern,  J , "Identdyint) 
Modes  of  Lanie  Stniciuies  Irom  Muliiple  Input 
and  Response  Measurements,"  SAF  Papei  No 
760875 

22  Talbot,  C.R.S,  lidbory,  C.  H , and  Jha,  S K , 
"Identification  of  the  Vibrational  Modes  of  a 
Car  Driven  on  the  Road,"  ASMF  Paper  75  fJF  ] 
115  (Sr.'Pt  1975) 

Transfer  Functions 

21  Goydei , FI  G D and  Wfiite,  R.G  , "The  Analysis 
of  Measured  Data  tor  the  Deteiminali')n  ot  the 
Fundamental  Dynamit  Properties  and  Vilitalion 
Transmission  Charar  teiislirrs  of  Structures,"  Soi  . 
Environ  Fnr)r  , Proc,  Imperi.il  Colleqe,  I ondon 
(Apr  1977) 

24  Kana,  D D and  Vanias,  ( M , "Predic  tion  ot 


Payload  Viliration  ( nviionments  by  Mechanical 
Admiltariii'  lest  1e<  finiques."  NASA  CR  2591 
(Sept  1975) 

2t)  Nuske,  D ,)  aiKl  Wellstrrad,  PF  , ")dentifii  ation 
ol  an  Automotive  Gas  Turbine  Part  2 Paiame 
tei  1 ittinc),"  Inti  J Contiol,  24  (3)  (Sept  1976) 

26  yVeDslciKl,  PI  and  Nuske,  DJ,  "Identificxttion 
ot  an  Automotive  Gas  Tuibine  Part  1 Fre 
quency  Response  1 stimation."  Int)  J Control, 
24  (3)  (Sept  1976) 

27  Williams,  J , "The  Use  of  Discrete  Frequent y 
Teslinc)  foi  Modal  Analysis  of  Fnqineennrj 
Sti  iictuies,"  Sur  Fnviion  ( nc|i  , Proc,  lm|)e 
rial  Colleqe,  London  (Apr  1977) 

Miscellaneous 

28  Ctien,  1 , "Maxnniim  likelihood  Paiameter 
Identitii  at  ion  of  I ineai  Dynamic  Systems," 
PhD  Itii'sis,  Noilfieasti'rri  Univ  (1977) 

29  Cht'ii,  .1  C and  W<jda,  B k , "Ciiteiia  foi  Anaty 
SIS  Test  Coiielation  ot  Struituial  Dynamic  Sys 
terns,"  J Appl.  Meet).,  Tians  ASML  . 42  (2) 
(June  1975) 

30  Disletano,  N and  Rath,  A , "ModcTini)  and 
Identifii ation  in  Nonlineai  Structural  Dynamics 
1 One  Deqree  of  Fieedom  Models,"  Earth 
quake  Fnc)!.  Res  Center,  Califoinia  Univ.,  Bei 
keley,  EFRC  74  15  (Drrc  1974) 

31  Maimandis,  P Z.  and  Udwadia,  F F,,  "The 
Identification  ol  Ruildinq  Structuial  Systems 
Thi'  Nonlineai  Case,"  Seismol.  Soc.  Amei,, 
66  (1)  (F  eb  1976), 

32  Merritt,  P If  and  Baker,  WF  , "A  Method  of 
System  Idenlificalitrn  with  an  Experimental 
Investiqation,"  Shook  Vib  Bull.,  U S Naval 
Res  Lab  , Pick  .,  No  47,  Pt  4 (Sept  1977) 

33  Pandl.  SM,  "Analysis  ot  Vibration  Recoids 
liy  Data  Detiendc'iit  Systems,"  Shoik  Vib 
Bull  , U S Naval  Res  Lab,  Piot,,  No  47,  Pt  4 
(Set)t  1977) 

34  Spaldinq,  G R.,  "Distiibutcxl  System  Idontifu.a 
tion  A Green's  Ecinition  A|i|)roaih,"  .1  Dyn 


jd 


IS 


NOISK  CHARACTKRISTICS  OF  AXIAL  AND  CFNTRIFIJOAL  FANS 
AS  USFD  IN  INDUSTRY  A RFVIFW 

B.D.  Mupridjr* 


Abstract  • This  review  is  aimed  at  the  industrial 
engineer.  Basic  noise-generating  mechanisms  are 
reviewed.  Overall  fan  noise  prediction  techniques  are 
discussed.  Various  techniques  that  have  proved  use- 
ful for  reducing  noise  at  the  source  are  described.  The 
specialized  reader  will  find  references  to  some  of  the 
more  recent  contributions  - including  those  for 
high-speed  machinery  - that  have  been  published 
since  1975. 

Most  of  the  research  into  sound  rienerated  aerodv 
narnicallv.  particirldrly  by  rotatinij  blades,  has  been 
associated  with  developments  in  the  aiiiraft  industry 
The  initial  interest  was  in  the  sound  latiiatod  by 
propeller  blades,  tiut  recently  the  main  effort  has 
been  directed  toward  understandiny  botli  the  fan 
and  )0t  noise  of  turbornachmery  Axial  flow  fans  have 
therefore  been  studied  in  depth,  and  the  basic  noise 
generating  mechanisms  are  now  well  estafillshr-d 
The  number  of  published  papers  continues  to  grow, 
adding  to  theoretical  knowleiJge  and  providing 
further  experimental  evidence  of  the  suitability  of 
theoretical  models 

In  1973.  Moitey  [I)  wrote  an  excellent  review 
paper  on  rotating  blade  noise  and  aerodynamii 
sound  More  recently,  Cumpsty  [21  piesemerl  a ( iili 
cal  review  of  turbomachinery  noise.  Including  the 
more  important  papers  published  prior  to  1977 
Study  of  the  two  paiiers  suggests  that  tlie  progress 
achic’vrxt  in  airronautir-s  has  not  yet  treen  fully  ex 
plolted  In  the  general  i’ngin(:er mg  industries  One 
reason  is  the  lirnited  finani  lal  resources  availatile  for 
applied  research  and  develoiiment  (irograrns  It  is 
an  unfortunate  situation  because  fans  are  a majoi 
source  of  noise  in  mixed  mdiisliial  lesiifemial  aie.is 
In  a reci'nt  survey  of  the  lunse  levc’Is  at  the  liouncl 
aiies  of  lactones  and  ccimmercial  piemises,  it  w.is 
shown  tfiat  more  than  90  percent  o'  70  iclerililiahle 
noise  sources  were'  due  to  either  supply  or  exita' I 
Ians  or  compressor  systems  [31  This  situ.ition  is 
not  ac  cc’ptalile  allfiouiih  rese.in  fi  will  never  elimmaCe 
all  noise  sources,  the  knowledge  and  I'xiiei  leni  i' 
gained  thus  far  should  fn'  siillii  ieni  to  rediiie  mosi 
'British  Gas  Corporation,  Research  & Development  Division. 
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of  the  annoying  ccomtionents  of  tfie  radiated  noise 
s(jei  trcim  The  icMson  is  that  the  lower  blacie  loadings 
and  ti|>  siitKxlsol  conventional  industrial  fanselimin 
ate  some  of  tfie  more  co'igilex  sound  (jeneraliiiii 
mechanisms  extieiienced  with  aiicaalt  oni)ines 

BASIC  NOISK  MKClIANISMS 

In  1918  Lanchc.'stei  recogni.'ed  that  tire  ma|oi 
source  of  proi'ellei  noise  was  the  steady  rotation  of 
the  blade  force  field  This  source  was  subsequently 
examinixi  by  a number  of  investigators.  Gut  in  [b] 
determined  the  amplitude  of  the  ladiatixi  sound  as 
a function  of  the  steady  loading  of  the  propeller 
LighthiH's  [61  general  theory  of  tfie  sound  generated 
by  turbulent  flow  was  extended  by  Curie*  [7),  who 
demonstrated  theoretically  that  the  interaction  ol  an 
unsteady  flow  field  with  a rigid  sciilac.e  produced 
surface  pressure  llucctuations  that  could  be  considertxi 
the  origin  of  a more  efficient  noise'  source  A tan  or 
helicoi'ter  blade  rotating  in  liec'  si'an'  (or  nr  a duct) 
w.is  tlius  shown  to  radiate  noise  horn  luith  the  steady 
and  tluctiiatiirg  lilt  force's  [8l  Ste,*lv  loaciing  on  tin' 
lotoi  triades  was  lonfiime'd  [9|  . as  were  tfie  follow 
inc|  that  any  pc'i  lodii  ally  indue  e'cf  cinsteaefy  loadiiici 
would  generate  a discieie  tn'guc'nLy  noise!  st'eetrum 
and  that  any  landomly  indeiied  loree  helil  Ipi 
example,  that  clue'  to  the'  interaetion  ol  lire'  blade' 
with  turbulent  flow  would  prodene'  a bro.idl)<ind 
noise  sire'eliiim.  Thi'se'  loiiii'pts  helpi'd  to  explaiir 
the  observi'd  noise'  spi'ctiiim  i haiai  ter  istie  s of  an 
axial  flow  mai  hiire’,  Ian,  or  )irei|ielli'r 

Prediction  of  tire  amirliiudi'  ol  te'lal  i.idiatc'd  sound 
di'ere'irels  on  air  aecuiati'  .issessmi'irt  e'l  Itre  unsl''ady 
How  hr  blade  inleiaiti.m  t'lii  le\  hy  poitreMs  ol  ,in 
aieruslir  dipole  soiiiie  tel.iii'd  to  si. i hue  lone  tlin 
liialions  IS  the  most  easily  undei'.lood  souiee  model 
tiiil  It  IS  also  possible'  le'  1 oirsidi'i  ihi’diie.  I i.idi.iiion 
ol  Ihe  Uiitiiilent  How  held  whov  .|e  oii'.lK  |•lOp|"l'e 
a"'  r.ldec  ally  a/li'ied  liy  l)ie  I'|e.,eni  e ol  Itie  immeiseel 
Si.rlid  siiilaie'  luilmle'ine  is  a ii'lalively  mi'tlic  n'lH 
laetialoi  erf  sound  he' .iiise  lire  ph.ising  hi'lw"i  n 
Midlands  Research  Station.  Wharf  Lane,  Solihull  West  Midlands 
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iiKliviiliuil  coinpomMits  ot  the  flow  lit  lil  tfiuls  Id  l»! 
s»;lt  t:amt(liiu|  Ihc  ctlDii  dI  jiisMlmii  j sdIuI  suitdic 
into  this  flow  IS  si'dttci  iiig.  wlm  h icduK's  ttiis  mn 
celUition  ani.(  tlion'toii;  i.:,iusl’s .m  incu’asi'  in  tlu'  i.iUia 
tiun  (‘ttii  H'lu  V |10| 

Itin  sfdtleinil  tuitniU'iu (■  miuniit  is  usotol  in  uil 
culdting  till'  noisf  ijili.itfi)  liuiii  thn  lil.Kti'  tniiliiui 
cdiH'.  liut  It  IS  uttcM  moil'  convi'nii'iit  to  usn  tlic 
Ji'oiistic  dipole  modt’l  ht'cdosi'  Ihi*  siiiliKc  pinssuif 
distt ilHition  IS  moie  m'.kIiIv  iiu'jsiiicd  .ind  the  sound 
iiKtidtion  lomputt'd  Undi-i  somi'  londitions  ttu' 
prt'ssuie  lii'ld  iiin  be  ('.ileuliited  It  the  l,in  lil.ide 
ehoid  IS  less  than  the  aeonstie  wavelenoth,  the  sni  l.n  e 
piessoie  distiilnition  tjused  tiy  the  inteidition  ol 
the  bkKte  with  u lonveeted  niinunitoim  tlow  ean  tie 
ealciildteil  tioi.i  tinste>idv  an  toil  ttieoiy 

Ceneiali/iM  loimulas  for  iinsteiK.1v  Idt  in  imompiess 
ible  tlow  tuive  been  obtaiiuxt  [111  Ihis  woik  was 
extendrtl  to  iiulode  ttie  efteets  ot  blade  span  and 
fluid  compti'ssiltilitv  One  reieni  aintiibution  on 
aiinprossibilitv  effects  can  be  used  to  detemnne 
the  tiuctualinii  force  on  a tan  blade  tor  both  periodic 
and  random  tlow  distuibanies  |1?1  The  restionse  ot 
comt'lete  bl.idi’  rows  to  ut'stream  tlow  distinftances 
has  trivn  studied  |13  Ibl,  as  tias  the  inteiaition  ol 
stieamwise  ijusts  with  airfoils  ot  finite  ttndiiiess 
[161  One  or  more  ot  these  ttieoretical  models  ran 
be  used  to  calculate  the  unsteailv  blade  tones  In 
sertini)  ttiese  forces  and  a spanwise  coirelatioir  leiuith 
into  Curie's  basic  tKiuation  itivirs  the  source  siieiuitti 
from  vvtiich  i.idiated  sound  levels  can  be  comrniti'd 

Rotational  Noise 

The  sti’iidv  thrust  force  on  a propeller  blade  ladiatr's 
siHind  because  n acceli'iates  relative  to  the  obseivei 
On  a multi  blcKitrd  rotor  ifisc  the  radiation  proatss 
IS  inelficient  because  the  toice  t'attoin  rotates  at 
subsonic  speeit  F or  equallv  sp<iced  rotor  blades  the 
sound  occurs  at  the  bl.Kfe  passing  Ireguencv  and  its 
harmonics  When  ttie  rotor  operates  in  a distuibixf 
velocity  field  tor  example,  the  wake  flow  tiom  a 
stator  'ow  the  lotatioii  bl.Kles  experience  periodic 
forces  It  the  stationaiv  blade  row  amsists  ot  V 
enually  st'aced  identical  vanes,  the  rotor  lone  field 
at  the  blade  passim)  treiiueiH  y l ontains  nimponents 
that  rotate  at  B.'flTsV)  timt's  the  rotor  s)>eeil.  where 
s IS  any  inteqt'r  positive  or  nixMlive  |W|  Thus,  it 
sV  IS  close'  to  the  blarle  number  B,  part  of  the  force 
field  can  rotate  supersonically  I'ven  when  ttie  lotor 


S|itH'il  IS  well  lielow  some  It  is  wi  ll  known  jlBj 
that  ttieie  is  a lai'id  im  lease  in  the  ladiatixf  sound 
IHiwei  when  ttie  acoustii  mode,  m BsV,  tieiiins  to 
lotate  siD'eisonicallv  It  is  foi  this  leason  tliat  ('eiiixl 
II  tone  Hill  liiatioi’s  aie  the  ma|Oi  i onli  iliuloi  s to 
discrete  tone  noise  ot  tans 

llie  distoition  mode  sV  i an  tie  lonsideiiHl  as  lire 
Xth  fiaimonn  ot  any  si'alial  inlet  How  nonuiiitoimiiy 
ltiat  iieneiales  the  Xlli  loadiiH)  li<ii  monic  on  any  lotoi 
blade  At  ttie  rotational  fieitueiu  y nii,  tlieie  maybe 
a numliei  ot  lo,Ktini)  tiai  monies  X that  amtiiliute 
to  ttie  nidiatixt  sound  waves  In  tact  ttie  number  ot 
I onti  ibutiiiij  tiaiiiKimcs  increases  as  ttie  tan  sptx'd 
U nil  leases  tinder  some  comliiions  one  loadinil 
tiai monic  can  ixantiifnite  to  more  tt'an  one  rotation 
al  tiaimonii  tor  equally  spacixt  roloi  bUides  all  the 
sound  waves  cancel  except  at  multiples  ot  ttie  blade 
)>assini|  tiequency  The  tones  are  often  lieaid  as  a 
sharp  whistlinq  sound  tliat  can  be  veiy  annoyinq 

If  the  dominant  interaction  is  ttial  ot  a stationary 
blade  row  with  a lotatini)  flow  distortion  typically 
proriuced  by  the  upstream  rotor  wake  tlow  each 
loadmi)  tiai monic  is  qiven  by  a wake  liarmonic  and 
coiiest'onds  to  a sound  liaimonic  |U1,201  The  total 
radiation  trom  the  stator  low  at  a sound  harmonic 
[eq,  X - iiB)  then  depends  on  the  conti ibutions 
from  all  stator  blades  I his  total  sound  can  be  re 
dinwl  by  judicious  unequal  circumteiential  spaciny 
ol  adtaceni  stator  blades  I2M 

Ttie  techniijues  tor  leduciny  noise  from  rotor  stator 
interactions  are  well  establishcxf  The  axial  stiacinys 
betwtx'n  rows  must  be  at  least  one  ctioid  in  order  to 
reduce  the  strength  ot  the  interaction,  and  the  blade 
numbers  must  be  ctiostrn  to  give  a high  mode  num 
bei  m,  to  take  toll  advantage  ot  itsrtxluct'd  radiation 
etiiciency . 

tt  IS  itKiie  ditficuli  to  reduce  the  tone  noise  caused 
by  interactions  ot  the  rotor  with  an  inlet  How  dis 
loition  field  becausi'  a tree  choice  ot  the  locKling 
harmonics  X is  not  possible  Some  recent  expeii 
merits  on  the  imiioitain-e  ot  inlet  How  distortion 
noisi'  congiaieif  with  olfiei  im(iellei  interactions  tiave 
been  desciiluxt  [2?  2bi  One  metliod  ot  iwfucing 
ttie  intensity  ot  this  tv)ie  ot  interaction  assuming 
tliat  the  tlow  distortion  itself  cannot  be  contiollixf 
is  to  unequally  sfiaixi  the  rotor  blades  This  alters 
the  preference  tor  radiation  at  the  blade  passing 
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V 'll  l*'<‘  f>i(>i'ns«‘  i)t  .KkJiliondl  iiklidtion  at 
oitii-i  iiuiltit'k.'s  1)1  |t)<‘  shad  fotaliohdl  fit'ciiiency 

IJtx'niial  sjMi  imi  IS  soiiu'tinu's  (idclit  uldrly  »‘tt«;clive 
at  low  st>alt  siHsuts,  tint,  it  tho  intft  flow  field  is 
l^lsloll^^^,  the  iiuiltiplii  ity  of  locKiini)  harmonics 
\ I'loviiles  a si'eiiriiiii  iicli  in  lotation.il  haimonics 
in  wtiiih  the  dH(A)  latimi  is  often  nohettei  than  the 
oiuimal  eniially  sjiaied  lotoi 

Broadband  Noise 

The  most  coninion  sources  of  broadband  noisr;  in 
tans  aie  mteiaitions  tietwer'n  the  blades  and  on 
I’omini)  liirbuleni  flow,  ttie  ettoits  of  the  blade 
tiiibnlent  boiindaiy  layeis.  and  the  influence  of  the 
til.ide  to  dm  t tip  cleaiance 

Tip  clearance  effects,  little  is  known  at)oot  tip 
clearanie  noise  althouijti  the  author  did  determine 
that  the  noise  latiiation  froni  this  source  was  in 
tliierii-ed  by  the  three dmiensional  flows  induced 
by  the  blade  lo<klin<|.  tip  cleaiance,  and  dml  bound 
aiy  (ayei  tfm  kness  (26)  More  recently  1 oni)house 
127)  invesli<i.iti\f  the  (lossibility  of  leducintj  lip 
vortex  noise  by  fittiiiii  rolaimii  shrouds  on  axial 
tan  im()elleis  A noise  nxiuction  of  u|)  to  12  dB  was 
obtainecf  will)  properly  contouied  lotatiny  shrouds 
conu'aied  with  a standard  fixed  sluuud  system 
Otfit'i  ineasuiements  ol  the  noisr'  iieneiated  by  the 
iminniiemeni  of  outer  wall  and  hub  indured  bound 
ary  layer  turbulence  with  an  axial  how  impeller 
have  been  desiiibed  128)  Ihis  work  has  been  ex 
tended  to  inr  hide  the  interaction  of  inlet  quide  vane 
st'rondaiy  flows  with  a downstream  rotor  1291 

Inlet  turbulence  noise.  Inlet  turbulence  noise  ran  be 
ralciilali'd  usinii  unsieiidy  lilt  theory  lor  the  flue 
tiiatinri  lone  slrenrtth  The  main  differences IretwiHin 
this  turbulent  flow  riioifel  and  the  tiern)dic  inter 
aitions  rnr'ntronc'd  abovi’  are  the  si'ei  trill  distribution 
of  the  u|)stream  flow  field  and  the  maflniliide  of 
the  si'an  wise  lurielation  lencjlh  of  the  indiiifd 
forci's  A theoretical  trr.'atmc’ril  ol  this  problem  has 
bivn  (Hiblishixf  (,10l  . aiKf  extierimenis  in  which  both 
the  intensity  of  inlet  turbulence  and  the  radiated 
noisi'  wi'te  measured  for  a subsonic  axial  how  Ian 
have  bivn  described  (81 1 In  a more  fcindamental 
study  ol  the  noise  cii'neratc'd  by  the  impinctement  of 
tuibuli'nt  flow  ovi’i  airfoils,  cylinders,  and  other 
how  obstructions.  Olsc'n  (821  concluded  that  the 
basic  .ivarlable  theorii's  qive  fairly  accurate  estimates 


of  the  measuiiid  noise  stiectra 

Turbulent  boundary  layer  noise.  Turbulent  boundary 
layer  noise  is  l**ss  easily  inedicted  than  inlet  turbulent 
noise  One  tec:hnique  oombines  Curie's  analysis  and 
measured  boundary  layer  pressures  Alternatively 
the  scattered  turbulence  model  prcrviously  discussed 
can  be  used  if  the  strength  of  the  turbulence  in  the 
vicinity  of  the  blade  trailing  edge  is  known  or  can  be 
estimated  Archibald  (33)  has  published  some 
interesting  data  on  a fiossible  mechanism  {^hereby 
the  sound  field  is  controlled  by  a boundary  layer 
flow  instability  that  is  driven  by  an  acuustic  feedback 
loop 

Current  interest  in  this  asfiect  of  blade  noise  is 
reflected  m the  number  of  papers  published  in  the 
past  thiet!  years  Generali/ed  formulas  for  predicting 
the  rotor  wake  induced  sound  power  for  low  tip 
spexxf  axial  fans  (34,  3bl  support  earlier  work  which 
emtihasi/ed  the  importance  of  the  boundary  layer 
thic  kness  and  wake  width  on  overall  noise  levels 
Detailed  studies  of  the  boundary  layer  induced  tur 
bulenc'e  and  the*  radiated  noise  spectra  from  airfoils 
are  available  (36) 

On  the  theoretical  sicfc',  Ainiet  (37,  38)  calculated 
the  relative  importance  of  trailing  edge  noise  cxim 
parexf  with  inlet  turbulence  effec'ts  and  cxincluded 
that  the  latter  is  more  important  Longhouse  139) 
studied  the  c:ase  of  vortex  sheddirtg  tone  noise  This 
mechanism  is  unusual  in  the  sense  that  it  is  ncJt 
usually  present  in  axial  flow  imtieller  noise  in  which 
the  inlet  turbulencx'  or  blade  pressure  gradients  de 
stroy  the  laminar  boundary  layer  cxjndition  neces 
saiy  for  the  generation  ol  coherent  vortices.  In  fact 
the  condition  was  measured  only  with  lightly  loaded 
rotors  Howc'ver,  the  [lapei  is  ol  interest  because  it 
IS  an  attempt  to  analy/r;  the  instability  crondition 
discaissed  by  Arc  hibald  1331 

FAN  NOISK  PRKOICTION 

Axial  Flow  Fans 

Tan  noise  data  .should  always  bo  exammc'd  in  terms 
of  the  si'paiale  How  mec  hanisms  nist  desc:ribed  be 
cause*  the  type  ol  fan  installation  can  have  a marked 
effect  cm  r.Kfiati'd  .sound  For  example,  a prediction 
of  the  sound  (lowc'i  of  axial  fans  tested  in  standard 
diictc'd  calibration  test  rigs  having  dowaslream 
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throltliiiy  wuiiUt  sj’tioiisly  iiiKit’it'siinijIe  riii'jsurt'iJ 
dJIj  il  thf  tdiis  w>‘ri‘  iiistdilt’d  in  d hiiihly  IiirUuli'iit 
oi  disioflix)  How  ticUi  This  idU  hd|i|)<’n  in  vcntildlui 
duel  systems  witli  lOOliiiii  tdiis  diid  in  dutuniol'ye 
toolicui  systems  It  Ihi'  iinsttynly  flow  lOiKlitions 
dr>.‘  known,  the  iddidteil  tiuwei  liomedih  mei  hdiiisni 
toi  Cdi  h instdildtiun  idn  be  biedu  led  with  (dii 
JLcurdey  One  nieihiKl  ol  tdiklimj  this  inoblem  hds 
been  desi  I ibed  |4|  Alleiiidtively,  (oi  d Qiven  environ 
merit  it  edn  be  dssiimi.il  ttidt  ttie  unsleddy  flow 
gudntities  vdiy  ('redu  tdbly  with  the  steddy  How  ron 
dilions  diKi  thdl  ttie  sound  (lower  cdti  be  written 
m terms  oi  tdii  (Himtiiny  » dt'dbilities  and  the  non 
dimensiondl  ('ressiire  dud  How  eoetlieients  Cledriy 
the  tiro(ioitiondlity  tonstdnt  would  be  ditterent  tor 
md|oi  ihdiiiies  iii  ttie  ot'eidtirui  environment 

Sr’verdI  diidlyses  ot  btOiKlband  noise  have  been 
(Hiblished  Mellin  (401  showed  Ihdt  the  residudl 
broddbdiid  noise  ot  d sinyle  dxidl  rotor  ean  be  ex 
[iressed  in  terms  ot  ttie  flow  (Xietticient  More  re 
eently  Lonyhouse  |4I|  showed  that  vary iny  the  How 
eoeftieient  ot  an  isolated  rotor  by  flow  control 
thdiiyt's  ttie  relative  contributions  ot  tone  and  broad 
bdiKl  noise  eomiionents  to  the  overall  s|iectrum  The 
tonal  eomiionents,  caused  mainly  by  How  distort  ions, 
dominated  the  noise  si'eitrurn  at  hiyh  How  lOet 
ticients  (low  disi  lo.Ktiny),  the  broadband  noise  be 
came  dominant  at  low  flow  coetficients  (hiyh  disc 
loiKliny)  In  (larticular  the  exiuinent  ot  noise  versus 
rotor  tip  S(>eed  was  mechanism  dependent  This 
moans  that,  as  ttie  Ian  operatiny  (loint  moves  along 
the  How  coelticient  pressure  coetticient  curve  of  a 
particular  blade  design,  the  sound  power  law  varies 
Irorn  the  sixtti  power  of  relative  blade  velocity  to 
some  other  (tower  value,  which  could  be  as  low 
as  4 5 

Using  this  aiyiroach  MiKyndye  (41  attemtited  to 
derive  thr'oreticdl  ex(iiessioris  for  the  overall  broad 
band  soirrid  (lower  ot  axial  flow  industrial  tans 
based  on  the  tundamental  models  previously  de 
scribtxl  but  written  in  terms  of  the  basic  fan  (larame- 
ters  iiressure,  volume  How,  static  elliciency , arxl  both 
(iressiire  and  flow  coefticients  These  (laramelers 
encongiass  sfieed  and  si/e  effects  arxl  can  also  be 
coiiitiined  to  give  ('ower  ainsumiition  The  results 
were  expressions  of  proportionality  betwwn  the 
s(H!ctral  sound  (lower  and  the  fan  (larameters  These 
etiuations  were  a('(ilied  to  the  noise  ot  cooling  fans 
used  in  heavy  automotive  vehicles  (42)  Hawes  (43) 


ofitaiiiixi  a similar  result  tor  the  overall  sound  power 
of  automotive  tans  but  ex(iressed  ttie  data  as  a tunc 
tioii  ol  liorse  t'ower  input,  tifi  s(ieed,  and  fan  diame 
ter 

Ttie  (irediction  ot  olade  (lassirig  tregueniy  noise  tor 
rotor  stator  inteiactions  can  be  carried  out  with 
reasonable  accuracy  in  another  way  (21)  Inlerac 
tions  between  a rotor  and  an  inlet  How  nonunitoini 
itv  should  be  analv-'cxl  lor  each  situation  In  most 
cases  the  blade  (lassiny  tones  can  be  predicted  with 
fair  accurat  y using  line  dgiole  theory  (44  46) 

Centrifugal  Fan  Design 

Very  little  work  has  been  done  on  the  aerodynamic 
nois«r  ot  rentritugal  fans  and  blowers  even  though 
they  aie  used  extensively  in  heating  and  ventilating 
plants  They  operate  at  low  Mach  numbers  and  have 
imtiellei  lonfigurations  susceptible  to  partial  stall, 
thus,  most  of  the  sound  power  is  generated  in  the 
lower  fiequenc'v  bands  and  is  influenced  by  the 
acoustic  reflection  (iroiierties  ot  the  inlet  and  outlet 
ducts  and  the  im(ieller  housing  The  discrete  fre 
queiicy  tone  at  the  blade  (lassing  frequency  is  primar 
ily  the  result  ot  aerodynamic  interaction  between  the 
iiti(ie1tei  wake  flow  and  the  volute  cutoff  Neise 
(47)  collated  data  deiixinstrating  the  importance  of 
both  cutoff  stiacing  and  radius  and  cutoff  or  iiri(ieller 
inclination  on  the  magnitude  of  the  blade  passing 
tone  In  typical  industrial  fan  design  this  tone  is 
about  5 dB  higher  than  the  broadband  noise  level 
within  the  appropriate  octave  band  (usually  500  H,  l 

It  IS  not  always  clear  whether  the  broadband  noise 
is  created  predominantly  within  the  im(ieller  or  the 
volute  because  the  velocity  distribution  varies  exan- 
siderably  with  different  fan  designs.  The  forward 
curved  bladed  centrifugal  impeller  acts  mainly  as  a 
momentum-gaining  device  and  relies  on  the  volute 
for  efficient  conversion  of  the  high  kinetic  energy 
into  useful  pressure  energy.  In  backward  curved 
bladed  fans  most  of  the  useful  work  occurs  in  the 
imiieller  itself,  the  volute  acts  basically  as  a collector 
Fortunately  it  is  somewhat  easier  to  derive  a broad- 
band sound  (lower  law  for  the  centrifugal  tan  than  for 
the  axial  type  because  the  flow  (lattern  within  the 
centrifugal  design  is  often  determined  by  the  housing 
and  imiieller  geometry  and  is  not  too  sensitive  to  up- 
streani  flow  turbulence  The  exception  is  highly 
ihrottlrxl  fans  in  which  the  damper  is  located  im- 
mediately adiacent  to  the  fan  housing.  Except  for  the 
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last  condition  the  bioacJband  noise  outt'ut  can  be 
realistically  piedicted  [4| 

Moie  leceni  work  on  centrifugal  tan  noise  has  been 
describetl  (48  521  Deefirose  (481  gives  sound 
(lowei  estiniates  foi  both  axial  and  mixed  flow  fans 
as  well  as  foi  centiifugal  pum()s  Both  Challis  (49| 
and  Baitenwerfer  (501  discuss  exiierimental  evidence 
of  the  basic  noise  generating  mei  hanisms  Agnon 
(51 1 and  Moreland  (521  consider  the  influence  of 
the  fan  casing  and  duct  resonances  on  the  shape  of 
the  radiated  spectra 


NOISK  RKDIKTION 

Some  general  (irinciples  for  noise  reduction  at  the 
source  are  given  below  The  flow  into  an  impellei 
or  blcKle  row  should  be  as  smooth  as  possible,  low 
inlet  turbulence  (good  system  design)  and  casing 
boundary  turbulence  would  reduce  the  broadband 
noisr>  levels  Operating  the  (an  at  its  design  condition 
through  st'eed  variation  rather  than  throttling  would 
mmimi/e  impeller  boundary  layer  or  wake  flow  noise. 
A reduction  ol  the  noise  at  blade  passing  frequencies 
IS  achieved  by  a suitable  selection  of  blade  numbers, 
adequate  axial  spacing,  and,  if  (tossible,  non-radial 
stator  vanes  Generally  lor  a given  pumping  lequire 
rnent,  flow  rate,  and  pressure  head  the  broadband 
noise  IS  rtHfuced  if  the  static  efficiency  and/or  the 
pressure  coefficient  is  increased  (tip  specxd  decreased) 
Alternately,  for  high  (low  applications  - cooling  fans, 
boiler  burner  fans  the  [iressure  head  (system  pres- 
sure losses)  should  be  kept  to  a minimum  A slightly 
differrtnt,  but  equally  important,  ritquirement  is  to 
eliminate  any  strudural  conditions  that  (rermit 
vibratory  resonances. 

Several  novel  noise  reducing  techniques  have  been 
examined  in  recent  years.  Dittmar  ad  Woodward 
(53|  and  Dittmar  et  al  (54)  showed  that  the  broad- 
band noise  emitted  by  stator  vanes  interacting  with 
inlet  turbulent  (low  can  be  rixfuiedby  increasing  the 
stator  chord  length  For  a given  inlet  turbulence  this 
increase  in  blade  chord  permits  improved  cancella 
tion  of  the  indured  surface  pressures,  thus  decreasing 
the  net  dgiole  strength 

A similar  imriciple  has  bixin  ex|iloited  by  Filler  lEi5l  , 
who  suggests  that  inlet  turbuittnce  goneratixl  bl.Kfe 
noise  can  be  reduced  fiy  cutting  thi'  blade  trailing 


edge  at  an  angle  (swept  edge)  relative  to  the  direc 
tion  of  ttie  onujming  (low  The  seriated  blade  c-dge, 
often  quoted  as  the  leason  for  quiet  owl  flight, 
has  bc-en  investigatiKf  further  by  Longhouse  (391, 
who  used  the  princ'i|)le  to  overcxtme  vortex  noise  In 
a more  original  technique  the  blades  of  an  axial  fan 
were  manufactured  from  a (torous  but  rigid  material 
designed  to  cancel  (luauating  pressures  on  either  side 
of  the  blade  A noise  reduction  was  observed  but  only 
at  the  expense  of  a small  loss  in  fan  efficiency  It 
was  suggested  that  only  the  top  10  percent  of  blade 
span  stiould  be  treated  with  porous  material  to  over 
come  this  loss  in  steady  aerodynamic  performance 

An  interesting  paper  (571  indicates  that  excess  noise 
might  be  generated  if  axial  fans  are  incorrectly  m 
stalled  in  dua  work  The  location  of  the  fan  relative 
to  the  duct  ends  could  improve  the  acoustic  coupling 
between  the  tan  and  the  duct  longitudinal  resonant 
modes  In  the  worst  possible  case  the  blade  passing 
tone  could  be  ainiilitied  by  the  dua  response 

CONCLUSIONS 

A brief  description  has  been  given  of  the  progress 
achieved  in  fan  noise  research  Not  all  of  the  im 
portant  contributions  have  been  included  The 
interested  reader  is  referred  to  the  excellent  review 
papers  by  Moifey  (11  and  Cumpsty  (21  Sr) me  of 
the  noise  reduction  methods  desciibt'd  have  been 
known  for  some  time,  in  some  instanc'es  the  tech- 
niques have  been  applied  with  tonsiderable  succ'ess. 
Unfortunately  this  is  not  true  in  all  sectors  of  the 
fan  indtistry  partly  because  of  the  mcreasi'd  cost  of 
manufacture  involved  in  the  modifications  and  partly 
because  not  all  of  the  reductions  measurt'd  in  the 
laboratory  are  realized  in  practical  situations.  It  is 
expected  that  this  situation  will  improve  as  environ- 
mental (Xtllution  in  and  around  industry  is  bettor 
controlled.  Noise  reduction  can  even  be  an  indirect 
result  of  improvements  in  industrial  fan  design  The 
recent  introduction  of  variable  pitch  axial  fan  blades 
to  improve  the  off  design  aerodynamic  ()erformani:e 
should  also  improve  the  noise  characteristics 
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FINU  K KLKMKNT  M()1)KUN(;  OF  STKICTI  R AL  MUK  ATIONS: 
A RF.VIF.W  OF  RFCFNT  ADVANCFS 

J.N.  Rrdd>* 


Abstract  - This  review  of  research  in  the  finite  ele 
ment  modeling  of  structural  vibrations  concentrates 
on  literature  published  on  the  vibrations  of  the  basic 
structural  elements,  namely,  beams,  plates,  and 
shells  since  1967. 

Any  revK'w  ot  litordtufe  on  the  tinite  elenx'nl  model 
ing  of  striictiiidl  vibidlions  must  tx'  miomplete  lx- 
(duse  the  subject  hds  giown  so  ijuii  klv  hundieds 
of  jouindls  tei'resenting  lountnes  tluoughout  the 
world  now  j'ublisti  teihnndl  Pdl'ers  This  survey 
revii'ws  finite  element  mi,x1i‘ling  of  vibidliuns  ot  trdsn 
eldstir  strinturdl  ele'nents  bedms.  I'Idles,  dnd  shells 
All  mechdOiidl.  derost'die,  and  i ivil  ennine<-iini| 
struitures  rontdin  thes*’  bdSii  elements  m some 
ojmbindtion  In  aiidilion.  a number  of  refeiences 
have  to  do  with  the  finite  element  analysis  of  vibra 
lions  of  speiifii:  slriKluies  uimjiosed  ot  these  ele 
merits  The  liieralurr*  on  the  subjed  of  structural 
vibrations  st'ans  a ten  year  period,  and  foreign  refer 
enats  are  mi  onijileie 


THK  HMTK  KI.K.MK.NT  MK.THOI) 

The  Imile  element  method  is  a numeinal  method 
lor  obtaining  approxmiate  solutions  to  a wide  vai  lely 
of  problems  desinbed  by  differential  or  inteqial 
equations  It  is  a natural  offsprirtg  of  energy  and 
matrix  methiKls  ot  sliuiluial  analysis  the  Rayleigh 
Rit/  and  Galeikin  philosojihies  are  used  to  lonsiiuct 
at'i'roximation  furii  nuns,  linear  combinations  of 
whiih  repiesimt  the  unknown  solutions 

General  description.  The  key  to  the  success  of  the 
finite  element  method  is  the  way  in  which  aptuoxi 
mation  fumtions  also  railed  shape  functions  in 
the  engineering  liteiatine  aie  rxinstructrtd  A given 
doinain,  or  structure,  is  rt'jiresi'nted  as  a rollection 
ot  a numbt'i  ot  geomcti » ally  simple  sulidoniains. 
called  finite  elements,  which  are  connt'cttxl  at  rertain 
(Hunts  called  nodes  A tv(iical  element  is  isolatrtd 
from  the  collection,  and  a variational  problem  is 
formulated  using  the  Rayleigh  Rit/  method,  foi 
* Associate  Professor.  School  of  Aerospace,  Mechanical  end 


exanijile  toi  arbitrary  boundaiy  conditions,  the 
tormuldtioii  requires  only  sinijile  ('olynomials 
A domain  i.an  in  giMieral  be  lejiresented  by  more  than 
one  ty(ii.  al  element  The  vanational  piublem  is 
loimiilated  in  terms  of  the  mxft'  values  ot  the  uo 
known  tunrtions  and  possibly  their  derivatives 
las  opi'osed  to  the  arbitrary  parameters  used  in  the 
Rayleigh  Rite  methodi  The  global,  or  system,  model 
IS  obtained  by  fitting  elements  together  Continuity 
is  obtained  tiy  using  node  values  of  the  unknown 
lunitions,  and  possibly  then  derivatives  at  the  bound 
aries  belw<*en  elements 

Ttiis  leiuesentation  of  a stiru'tural  system  by  a col 
leition  of  discrete  elements  was  borrowed  from 
techniques  used  in  tf\e  stiuctural  analysis  of  an 
craft  Foi  exanijile.  wings  and  fuselages  are  treated 
as  asst'iiit  lac'^s  of  stiimjers.  skins,  and  sfteai  panels 
The  so  called  tramewoik  method,  in  which  a plane 
elastic  solid  is  lejiresented  as  a collection  of  oars  and 
beams  was  intioducvd  in  1941  (ll.  The  use  cif 
(iieccwise  continuous  functions  defiiic'd  ctvc'i  a sub- 
domain  to  .tt'i'ioxiiiidte  the  unknown  function  dates 
<;oiv.  Ihe  work  ol  Couiant  121  He  used  an  assem- 
blacje  ol  tiiaiujuldi  elements  and  the  principle  ot  mini- 
mum j'otential  energy  to  study  the  St  Venant  tor 
Sion  problem.  Although  ceitam  key  features  ot  the 
finite  element  method  can  be  found  in  such  early 
woik.  Its  fcumal  intrcxiuction  is  attributed  to  the 
work  of  Argyiisand  Kelsey  (31  and  Turner.  Clough, 
Martin,  and  Topp  (4)  The  j'hiase  finite  element 
was  Inst  used  by  Clough  (bl  in  1960  Since  that 
time,  the  literature  on  lirute  element  applications 
has  grown  to  the  t'oint  that  many  journals  aie  nciw 
(rrimarily  devoled  to  Ihe  theory  and  application 
of  the  method  A review  of  the  historical  develop- 
ments and  the  basic  theory  ot  the  method  is  avail 
able  in  many  textbooks  orienuxl  toward  strcrclural 
mechanics  16-13)  Mathematic  ally  or  lentc’d  texts 
are  also  available  114  181,  as  are  nonstriictucally- 
oiienU'd  ones  (1  7,  181 

About  100  jiioccH'dings  of  amferenctes  held  on  the 
finite  element  methexf  aie  now  available.  Fx(K)silorv 
Nuclear  Engineering.  University  of  Oklahoma.  Norman,  OK  73019 
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papers  on  the  finite  elenrent  analysis  of  str'ut,tures 
are  also  available  [19  221  , as  ate  fairly  complete 
lists  of  references  on  the  method  [6-171  Several 
excellent  bibliograptiies  on  the  finite  element  method 
have  been  compiled  [23-26! 

Computer  software.  An  important  feature  of  the 
finite  element  method  is  that  a systematic  procedure 
is  used  to  obtain  properties  of  the  element  - that  is, 
its  gov  rning  equations  - without  regard  to  the 
specific  problem  For  example,  if  the  equations 
corresponding  to  beam,  plate,  and  shell  elements 
are  known,  any  structure  containing  these  elements 
can  be  analyzed.  Such  flexibility  coupled  with  the 
advent  of  the  modern  digital  computer  has  resulted 
in  the  development  of  a number  of  general-purpose 
computer  programs  for  analyzing  a variety  of  com- 
plex engineering  problems.  Almost  all  of  these  pro- 
grams have  a certain  common  library  of  basic  ele 
ments,  but  not  everyone  has  the  same  degree  of 
generality.  A survey  of  structural  mechanics  com- 
puter programs  is  available  [27) . Several  survey 
papers  on  general-purpose  finite  element  computer 
programs  have  also  been  published  [28  321 

VIBRATIONS  OF  STRl/CTURAL  ELEMENTS 

Beams 

Beams  are  common  components  of  many  structural 
systems.  Various  levels  of  sophistication  are  to  bo 
found  in  beam  analysis.  The  most  simple  analysis 
is  based  on  the  classical  Bernoulli-Euler  beam  theory, 
which  does  not  include  the  effects  of  shear  deforma- 
tion. Beam  theories  that  account  for  transverse  shear 
and  rotary  inertia  are  more  important  in  vibration 
(especially  in  highei  modes)  analyses.  Although 
both  phenomena  were  first  accounted  for  by  Bresse 
in  1859,  it  is  customary  to  refer  to  the  beam  theory 
that  includes  them  as  the  Timoshenko  beam  theory. 
Shear  deformation  and  rotary  inertia  must  be  in- 
cluded in  predictions  of  frequencies  when  the  wave- 
length IS  the  same  order  as  the  length  of  the  beam. 

Vibration  analyses  based  on  the  Bernoulli-Euler  beam 
theory  have  been  published  [33-371  The  problem  of 
maximizing  the  first  natural  frequency  of  a Bernoulli- 
Euler  beam  on  a continuous  elastic  foundation  has 
been  treatrrd  by  varying  the  cross-sectional  area  as 
a function  of  position  and  maintaining  the  volume 
(mass)  of  the  beam  as  a constant  [381 . 


In  the  finite  element  method,  the  mass  matrices  are 
computorj  either  as  a consistent  (distributed)  mass 
matrix  or  as  a lumped  mass  matrix.  In  the  case  of 
a lumped  mass  matrix  the  total  mass  of  the  element 
is  assumed  to  be  distributed  equally  at  the  nodes. 
This  assumption,  although  only  atiproximate,  results 
in  a diagonal  mass  matrix,  which  in  turn  facilitates 
computation.  The  effect  of  lumped  parameters  on 
beam  frequencies  has  been  studied  [391 . Higher- 
order  beam  elements  - elements  in  which  higher 
degrees  of  polynomials  than  the  cube  are  used  - have 
also  been  developed  and  used  in  the  vibration  analysis 
of  beams,  quintic  polynomials,  for  example  [40  42) . 
Tapered  and  twisted  cantilever  beams,  which  can  be 
used  to  study  the  vibrations  of  turbine  blades,  have 
been  rxinsidered  [41,  43).  Shear  walls  are  often 
treated  as  thin-walled  beams  of  open  cross  section. 
Vibration  analyses  of  shear  vzalls  are  available  [44- 
471 . Finite  element  analysis  has  also  been  applied 
to  calculating  the  natural  frequencies  of  simple 
curved  sandwich  beams  during  in-plane  bending 
vibration  [48,  49) . 

The  effects  of  shear  deformation  and  rotary  inertia 
on  vibrations  of  beams  have  been  investigated  [34, 
43,  50-54) , as  has  the  effect  of  elasticity  of  the 
support  - as  well  as  the  effects  of  shear  and  deforma- 
tion and  rotary  inertia  - on  resonance  frequency 
[55,  561  A curved  beam  element  has  been  developed 
that  includes  shear  deformation  and  rotary  inertia 
[571:  out-of-plane  coupled  bending  and  torsional 
vibration  have  been  studied  with  this  element.  Results 
using  thick  and  thin  beam  have  been  shown  to  be 
dependent  on  the  axial  thickness-to-radius  ratio  of 
the  beam  [581 . Timoshenko  beam  elements  have 
also  been  applied  to  the  vibration  analysis  of  coupled 
elearical  and  mechanical  systems  [59-61].  Nonlinear 
vibrations  of  beams  (not  including  shear  deformation 
and  rotary  inertia)  have  been  considered  [62  67] 

Plates  and  Shells 

Conventional  finite  element  methods  of  structural 
mechanics  are  based  on  extremum  variational  prin- 
ciples and  thus  involve  total  potential  energy  and 
total  complementary  energy.  For  boundary  value 
problems  of  the  order  2m,  these  extremum  variation- 
al statements  contain  m th  order  derivatives  of  the 
field  variable.  Therefore,  the  approximation  (or 
shape)  functions  employed  tor  the  field  variable 
must  be  such  that:  (i)  the  field  variable  and  any 
of  Its  partial  derivatives  up  to  the  order  (m-1)  must 
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l)tf  COIUIIUK.UIS.  ilMl)  (III  illl  Ulll(i)llll  (01  U'MSlilMII 
sidles  ot  the  held  vdiietiles  .ind  then  (idilidl  denvii 
lives  up  to  oidei  111  should  he  leinesenltHl  hv  the 
dppioximdt ion  heiiUise.  111  the  limit,  the  element 
si/e  shrinks  lo  d point  Ihesr'  lOiutitnrns  die  idlled 
com|)dtihilitv  end  comi>leteness  eonilitions  lesi'ee 
lively  Any  tinite  element  thdl  sdtishes  Ihest'  ton 
ditions  iscdlled  a rrontoimini)  limie  element 

Completeness  is  dutomdtndlly  s<itistied  it  the  (loly 
nomidls  used  in  the  sh,i()i.'  luiution  die  ixmuilete 
to  the  m th  otdei  Howevei . it  is  ditticult  to  satisfy 
the  comiratihility  condition  1 01  thi'  touiih  and 
hii)hei  indei  piohlems  ot  plates  aiui  shells,  these 
aniditions  lepuiie  the  use  cit  hiehei  oidei  poly 
nomidls  In  the  lase  ot  ('late  liendini)  (m  I'l,  lot 
esami'lt*,  the  totiil  Potential  enen)y  espn'ssion 
rontdins  second  order  deiivatives  (Aimpleleness  is 
s.itislied  by  airnpltue  puadiatn  poIvnomiaK  ho\,v 
ever,  romi'aldhility  leriuiies  hn|hei  oulei  i'olynomiiils 
|08'74|  t 01  inslanu',  a com(>dlilile  liidniiul<ii 
element  loi  > lassn  al  theory  ot  thin  ('Idles  lepuiit's 
a quintic  I'olynomial,  the  lesult  is  <1  .’1  t'y  ?1  ele 
ment  stiftness  inatiix  |7b  7 71  Ihus,  (mite  elements 
assoi  rated  with  hii)hei  oidei  t'n>blems  are  akietnaical 
ly  con'i'lii  all'll  and  heme  computationally  leiy 
expensive 

To  lemixly  the  ddliculties  ot  the  convi'ntional 
(i om()dtit)lel  finite  element  mettiod,  several  non 
conventional  tinite  element  methods  have  Ijeen 
proposed  In  the  so  called  noncontoi  miiiii  finite 
element  methixl  |ti‘T,  78,  78]  for  boiindaiy  value 
t'loblems  of  the  ordei  ?m,  the  field  vai lat'le  is  .illow 
eif  to  have  finite  disiontiniiiiies  in  the  (in  II**' 
derivatives  aiross  the  Iroundanes  t'elwivn  elements 
Conveiqenie  for  suih  metfrods  is  not  iieneially 
(|uaiantt'ed  In  hyt'iid  finite  rrlement  methixfs  |8l' 
82),  lontinuity  ot  (ni  1 1**'  oidei  derivatives  di  loss 
boundaries  tietween  elements  is  heated  as  a ion 
stiaint  condition  usini)  I .xiiamie  nmltii'lii'is  calleif 
the  tractions  in  stiuitinal  mei  hann  s I'lolilems 
as  tKfditional  det'endent  vaii.il'les 

in  rnixwl  finite  element  mettrixls  |8d,  84|  addi 
tional  deix'ndent  variables  are  intioduied  over  the 
entire  domain  by  der omi'osini)  the  higher  oidei 
('rol)lem  into  a set  of  lower  oidei  ei)uations  These 
ailditional  def'endent  vanatrles  aie  iieneially  nuan 
titles  ol  design  interest  I 01  example,  in  the  plate 
bending  problem  the  bihainxinic  equation  is  de 


composed  into  a set  ol  sixoinl  oidei  dilleiential 
eiiuations  consist ing  ol  the  moment  equililn  lum  eqiia 
lion  and  the  nxmieni  detlei  t ion  lelationslnps,  as 
a matter  ot  fact,  tht'si'  equations  are  moie  I'asn  Ifian 
the  tnhaimonic  tX|uation  I he  finite  element  method 
based  on  ttiesi'  equations  Ituis  lequiies  only  the 
lOntinuity  ot  Ilie  dependent  vai  rabies  IrelwiX'ii 
elemenis,  theieloie,  linear  appioximations  of  the 
deflection  and  Itie  liendinii  moments  are  suffiiieni 
Another  .Klv.intage  ol  (he  nuxird  metliods  is  the 
increased  aciuiaiy  ol  the  (Xldilional  01  semndaiy 
field  vanat'les  (1  e , stiessesl  I he  mixed  method  not 
only  results  in  lomput.itionally  simple  elements 
Inn  also  m amiiale  piediition  ot  stiesses  188  881 
Hughes  and  Malkus  190,  911  leiently  disi  ii.ssed  the 
equivaleme  ol  mixiHl  finite  elemenis  and  seleitive 
<11x1  itxfuied  integiation  1 onvrrntional  finite  elements 

Plates.  I’lates  otiei  eioiunnK  as  well  as  loadiaiiy 
ing  iidvantages  in  the  design  ol  many  types  ol  sliiii 
tines  In  some  cases  they  lan  In'  used  lo  leplaie 
sliuituial  elemenis  ol  the  shell,  as  m lontaineis  and 
stnps,  which  aie  leliiiively  expensive  due  lo  high 
l.il'i  n ation  losis  I he  tinge  element  anitlysis  ol  shell 
stun  lull's  using  I'lale  elements  assumes  that  the 
behavioi  ol  <1  shell  i an  lie  adixiuately  lei'iesented 
tiy  ct  siiifaie  (un/t  of  siria/t  (tiiarigcWai  1 (i/ale e/eiiieiiis 
19297]  I tie  eiioi  iniiodiiced  t'y  such  ai't'ioxiina 
lion  has  fieen  disi  ussed  1981 

Most  I'apeis  on  i'lale  vil'iations  have  emt'loyed  ix'ii 
loiming  tmite  elemenis  lt)‘l  127]  In  one  c.ise  llOfT] 
the  liniie  element  method  w.is  used  lo  iini'ioyc  the 
analysis  ol  lotaling  luiliomai  tnnciy  I'lades  Numeii 
i al  lesulls  loi  n<i|ui<il  liequeinies  and  mode  shiii'es 
weie  I'lesented  as  lunciions  ol  lolatmg  st'eixl  and 
.isi't'it  lalio  ot  the  tuit'ine  hlade  V'amit'le  tfinkiiess 
finite  elemenis  toi  i'lale  vil'iiitions  have  I'een  dei  lyed 
1124  12!'i  The  lesulls  ditleied  signilnanily  liom 

Ihost'  ot'lainixf  with  elements  ol  the  s.in\e  Ihnkness 
only  it  higt'ei  vil'ialion  modes  were  1 onsidenxi 
Roi  k and  Itinlon  1128,  129]  ai  counted  loi  the 
ellecis  ol  liansveise  st'eai  in  an.ily  ing  the  tiee 
vil'ialion  ol  Ihnk  and  thin  (ilates  Ifie  lesults  were 
lonii'aied  with  linn  ('late  lhe»'iy,  Miixllin  (Ihnki 
('late  thi'iny,  and  thiee  dimensional  elasliiily  solo 
lions  Conyeigeiu  e ol  eigenvalue  si'lulions  and 
tiounds  loi  eigenvalues  loi  lonloiming  I'lenienis 
have  been  inyesligahsi  1 1 ,1t'.  Kill  I inge  element 
itnalysi's  of  lluttei  ol  I'anels  aie  available  1182 
i;!4| 
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mini)  t'U'tut'iits  li.tvt'  I't’t'ii  .ipptitHl  to  pl.ilf 
vil)i,ilions  jllll  1 .<(>]  I III' h\ to  id  I mill' 

Ii,l5  ln'i'M  list'd  III  pi, 111'  lliiitfi  ,iiid  vilii.itiiiii  1 1 ,vl 
1.1/  I-10|  I I, It  pi. Ilf  t'li'iiit'iUs  li.ivi'  tifi'ii  di'si'lopist 
til, It  .111'  t'.lsi'vt  ml  lilt'  liylnid  slit'Ss  liiiilr  I'lriiii'iil 
aiiitt'PI  1 1 'I  I I lilt'll'  .111'  lliii'f  iiti.idi  il.ili'i.il  I'll' 
llll'IIIS  IllVpIvtSl  .ill  ll.lM'  lllH',11  III  pi, 111!'  tllHIIld.llN 
dlSpl.lH'lllt'lllS,  .ISSlIllll'  lllll'.ll  III  pl.llll'  SlIl'SS  nil  llldl' 
till'  t'llt'tls  id  slli'.li  di'li'ini.ltii'ii  ,lild  iiil.ns.  .IS  sv I'll 
.IS  111  pl.llll'  .Hid  ti.iiissi'isi'.  iiii'iti.i  lint'  I'li'iiii’iit 
vv.is  di'sii|iit'd  liii  siiii|li'  l.iyi'i  Hull  111  iiitidi'i.ili’ly 
tllll  k pl.ltl'S  .Hid  slll'lls.  till'  Sl'lplld  I'll'IlH'Ilt  VV.IS  IlH 
Iiiiiltil.ivi'i  IliHi  pl.ltl'S  ,ind  slll'lls.  .iiiit  till'  thud  VV.IS 
Ipi  ttiHi  PI  tliiik  SHiiili' l.iyi'i  m iiiiiltil.ivi'i  pl.ltl'S 
.Hid  slll'lls  Hi'ddy  .Hid  ls.IV  (I'll  M.’l  di'livi'd  .1 
sillipll',  lllivivl  Il'il.Hlillll.H  pi. Ill'  I'll'IlH'Ilt  III. It  ilivi's 
lii'lti'i  .11  1 iH.ii  H's  till  n, itiH.il  li I'litii'iii  ii's  will'll  1 mil 
p.invl  vvilli  i i'M.iiii  I'lHivi'iitiiiii.il  .Hid  iimii onvi'iitiiHi.il 
tlllltl'  I'li'llli'llts  1 U'l . I'l.il 

As  iiidi'd  I'.iilii'i  111  1 piiiii'ii imi  willi  Ih'.iiii  vilii.itimis, 
till'  liiiHt'i'd  iii.iss  iii.iliiv  IS  di.iiiiin.il  .Hid  till'  i\ip 
SISll'Ilt  III.ISS  111. Ill  l\  IS  iMIlipIli  .Ill'll  .Hid  UHliptll.l 

limi.illy  I'vpi'iisivi'  VVitli  liiiiii'i'd  iii.iss  m.iti  ii'i's, 
lii'vvi'yt'i  in.iiiv  I'li'llli'llts  iii.iy  ln'  iii'odi'd  to  Plit.iiii 
sidliiii'iilly  .iiiiii.iti'  ii'siilts  till  till'  .itlii'i  li.iiid, 
liiiiipi’d  III.ISS  111. Ill  Ill's  iisii.illy  ti'iid  111  lnwi’i  ii.itiii.il 
tii'iIiH'iii  H'S  ,1  ii.iisi'  iiii'sh  (II',  stilli'i  slim  tiiii') 
pi  i iiiiip.it il'li'  I'li'llli'llts  ti'iids  IP  I. list' tlii'iii  Iliiis.tm 
.1  IiMHI  llU'Stl  Sl.l'  till'  IlHlipi'd  III.ISS  111. IV  ilisi'  IllPItl 

.iii'iii  .iti'  ii'siilis  til. Ill  .1  ,'piisisli'iil  till  mill. It  mil  (I'l'll 
V.iiiPiis  III.ISS  liiiii|iHii|  Si  lu'iiii'S  .Hid  inimi'iir.il  iiiti'iii.i 
lipii  lull's  h.ivi'  lii'i'il  I'v.iiiiiiii'd  till  .iri'iii.H'V'  .Hid 
ipiii(iiit.itimi,il  i psl  I'l'.i  I 4 /'I 

Npiiliiii'.ii  V itii .It ipiis  pi  Hull  I'l.islii'  pl.ltl'S  li.ivi'  lii'i'ii 
iiiyt'stiii.ilivi  tiy  Hip  tiiiili' I'li'iiii'iil  iiii'tlipd  1 1 4H  IWi] 
Mi'l  [I'K'I  Sllldli'd  till'  I'tli'i  I pi  iH'llllll'll  It'  llplllllli'.ll 
ily  Pii  111'.'  pi'iipd  Pl  lii'i'  vilu.ilimi  pi  I'l.iti's  .Hid 
iH'.iiiis  till'  ii'siills  vvi'ii'  slipvvii  .IS  pi'i iPd  .implitiidi' 
pipis  .Hid  I'piiip.iii'd  vviHi  llipsp  pill, Hill'd  liy  pi'itiii 
li.HiPii,  I'l.ili'ikin,  .Hid  lliitliiiii  iiii'tlmds  111!'  I'lli'i'ls 
ill  111  pl.llll'  shi'.ii  di'lpi m.ilipii  .Hid  iPl.iiy  iiii'ili.i  nil 
till'  llt'Mii.ll  yilu.ilipii  pl  lu'.iiiis  .Hid  lliiii  pl.ltl'S  li.ivi' 
lii’i'il  stiidii'd  lll'O]  till'  mixi'd  pl.lli'  I'li'iiii'iil  w.ls 
di'Vi'Ippi'd  IP  sliidv  till'  llplllllli'.ll  I'l’iidiiiii  ,i!id  vitii.i 
tipii  pl  tliiii  ii'i  t.iiiiiiil.H  pl.ltl'S  IHH,  HH,  Ml,  M.’l 
VliHu'lippii-  pl.ltl'S  li.ivi'  .lisp  lii'i'ii  sllldli'd  |MH, 
Hi1  Ui.l) 

Shells.  A niiiiil'i'i  pl  p.ippis  tin  slii'll  .iii.ilysis  li.ivi' 


.iIii'.hIv  I'i'i'ii  ii'li'iiixl  IP  III  imiiiislimi  with  lU.iti's, 
Pllii'i  vitii.ilimi  .iii.llysi's  liv  Hit' liiiili' I'll'IlH'Ilt  iiH'llind 
.111'  .iv.iil.ihlr  llliPlliHj  Slll’lls  pl  ii'v.iliitiiHi  h.ivi' 
I'I'I’II  .lii.llv-isl  I'V  iHii)  idPulilv  1 iiivsll  tlllltl'  I'll' 
IlH'MtS  illlHl  A I.IIH  llil.ll'  .'H  ill'illl'l' lit  Ili'l'dPIll 
I'll’IlH'Ilt  ll.lVHll)  .ill  pl  Its  SIS  I'lSlv  lim.ll's  III|mI  w.is 
iisi’il  Ip  studv  Ilii-  vilii.ilimis  id  .i  .iiivisl  l.iii  IiI.hIi’ 
ll'l'.'l  I 111’  lust  1.1  II, Hill. ll  'll'l)ui'll.  II'S  will  VMlIlHI 
ti'ii  I'l'i.i'iit  I'll, 11  will’ll  .1  -I  I'V  ■)  II  I’sh  W.IS  iisi'd  A 
1)1..ISI  .lll.llv  til  .it  tlllltl  I’ll'IlH'Ilt  pi.lilsIlIM'  tl.lsi'd  PII 
till'  i’.hiIhii'.ii  vi'isipii  pl  N"vp,  Il.t.iv  s sill'll  Hii'piv 
li.ls  Ins’ll  di'Vl'IppisI  .Hid  iiv’.l  Ip  utH.iHi  liispH'iliy  .HHl 
t'lllkllllll  l’ll|l’IIV.lllll'S  pl  pil’sl’i'ssisl  IPl.ltllHI  .HIIVI 

lippii  slll'lls  111  ii’v. 'lilt Hill  (Ii'.tl  I 111  iisii.li  ii’idii 
1 1 11 1.1 1 Ipi.  I’s  .IS  Wi'll  .is  l pi  i. 'I  is  t.iii  I’s  vvi’U'  iiu  Itidi'.l 
I spi'l  IIIH'Ill.tl  ,|lld  lllislll'tll  .ll  HIVI'slH|.ltlPlls  pl  till’ 
dv  I'.HIIH  lll’ll.ivipl  pl  .1  . V iHl.ll  ll  ,ll  sill'll  witll  .1  I lltplll 
ll.IVi'  lus'ii  iMildiii  ti'd  (Ill'll  St.Hid.Hd  I'Hli'iiy.iliii' 
piplili’iiis  VVI'II’  siilvi'd  till  1 y lindi  11  .ll  slii'lls  with 
•U)'  H(l‘  .Hid  1 .M'  illlpllts  Hllikllllil  .Hid  ll.ltlll.ll 
lli'illll'lli  II'S  pl  St, Hid, lid  pl.lti'  .Hid  sill'll  sll  ll.  lull's  tl.lV’i’ 
lllS’ll  pil'Sl’Illi'd  (ttii'l  lisillil  till'  SI’IIH  l.ipt  tlllltl' 

I'll’IlH'Ilt  pl  limis  lltiH)  till'  .iiiui.iiv  pl  li'ui 
tlllltl’  I'll’IlH'Ilt  iiiiidi’ls  id  slll’lls  (tl.lsi'd  iiii  liiui  dll 
tl’ll’lll  sill’ll  tlll'PIH’sl  ll.is  IhH’II  HlVl'Stlll.lllSl  1 1 /t)| 
111  till’  I'Piiiput.it ions,  till’  I'pntinupus  slii’lls  wi’ii’ 
ii’pl.lis'd  by  tlllltl’ I’li’iiii’iil  iiipil.'ls  li.isi'd  PII  .1  tii.Hi 
ilul.ll  till  us  I'llllll'  lllllll’  I’ll’IlH'Ilt  I Ills  I’ll'IlH’Ilt  ddtl'IS 
iipiii  sill’ll  llu’piy  mily  in  Hii’  .isi.il  y.Hi.ilipn  pl 
displ.ii'i’iiii’nls  Ilii’  vilii.ilipiis  Pl  tuibiiii' Id.Hti’s  ti.ivi' 
biH'ii  iiipdt’li’d  .IS  ItiH'k  I'uivi’d  slll’lls  1 1 / t I 

A nuiiibi’i  pl  liyliiid  liiiiti'  I’k’iiH'iiIs  li.ivi'  .iIsp  liiH’n 
iisi'd  tp  .Hi.ilv.’i’  till’  vilii.ition  p|  slll’lls  ((vliiid  lii.in 
ilul.H  ll.il  pl.Hi!  I’li’llli'llts  with  v.Hi.ibli’  tliiiknoss 
|1.W,  I.IH)  WI’II’  I’sti’ndisi  to  lii'.it  .i  lylindi m.il 
shi’ll  \M2,\  ;31  Till’  H’l.itivi'  iK'i  ui.ii'H’s  id  ainsisti'iit 
.Hid  lumpixt  iii.issi’s  111  vibi.iliiin  .in.ilysi’s  iiivpIviiui 
liyliiid  tlllltl’  I’li'llli’llts  li.ivi'  liiH’ii  sllldli'd  1 1/4). 
.IS  li.tvi’  npiiliiii’.H  .isisymiiii'tiH  vilii.Kinns  id  Hun 
slll’lls  id  ii’vpliitipii  lU'i.l,  17lil 

Syiiinii’ti ll'  stiui  tuins  do  iipt  .ilw.iys  vil'i.itii  in  ,i  syni 

llll'tlll  Ill.HlIll’l  SHUltllll’S  iSlIlt.tllllllll  Ilimi’  tll.Hl  pill' 
tytH’  id  sliui'liii.il  (’li’iiii’iH  p.Hi  vilii.iti'  111  lllllll I’pi'.it 
,ibli’  iiipdi’s  1 111'  I'Piivi’iiii'iit  .ispi’i'tspl  sviiinii’tiy  .Hid 
ii'pi'.it.iliilitv  .lit’  Hius  Ipst  111  vilii.ttipn  pipbli'iiis, 
liut  o'lt.iin  siiiiplilH'.itipns  .hi'  pussilili'  |1/(i17il| 

In  iii’iii’i.il,  Hio  solutipii  id  ,1  vilii.itiiin  (iiolili'iii 
ii’ijuiii's  iiHiii'  aiiiipiil.itipii.il  I'ttpit  tli.Hi  doi's  till' 
solution  ot  .HI  i\]uivHli’iit  stHtic  piobldiii  HoWt'VH'l. 


It  IS  i)rdtilvi'’‘l  ihdt  reasondblf'  diriirdi  v ot  eicionvuliHis 
can  tw  dihievml  with  (ewm  itegrees  ot  tiiKidoiii  than 
are  iimHlwl  tor  a statu:  solution  Irons  1180,  181) 
suriqesteit  a procodiue  that  utili/os  iht*  luinpifd  mass 
concoiit  to  econoirii/e  triqurivalue  curninitation  in 
vibration  problanis 

STRUCTURAL  VIBRATIONS 

Ust!  ot  the  linito  trlnmnnl  nuMhoii  to  study  tbo  lan 
dorn  vibrations  ot  sIructuiDs  tias  tuMin  discussftt 
|18f)|  Nuiiiorual  methods  tor  tieatini)  dynainitts 
ot  larqe  structural  systems  have  biHtn  reviewed  in  a 
(lai'er  in  winch  a dt-tailed  alqonthm  usinq  a mine 
inter()olation  ot  inertia  loices  and  tinite  element 
atrinoar.h  was  presented  1187) 

Papers  have  appeared  on  lire  vibration  ot  turbo 
mar  hinery  blades  and  lotatini)  discs  Ootaiinstr  and 
Rawtani  1188)  used  the  linite  elrtment  method  lo 
determine  the  natural  tiociuencies  ot  lotatinri,  me 
twisted,  cantilevered  blades  mounted  on  the  pen 
|)hery  ot  a lotatiny  disk  at  a stanoeied  anqle  Itie 
blade  was  treated  as  a shell  wiltr  its  middle  suilace 
dividixt  into  tiianqulai  elements,  sw;  also  1180| 
Axisynimetiic  tlexuial  vibrations  have  been  analyzed 
usinq  rinq  tinite  elements  1190|  Ttie  ellect  of  axi 
symmetiu  in  |ilane  ton  es  due  lo  < xial  lotalioiis  and 
shrink  tits  were  iru  ludrui  in  Itie  analysis  ^lOde  sli.U'es 
aiHl  natural  trequenr  les  ol  Ihi'  i urvt'd  blades  ot 
Darrieus  ty|ie  windmill  rotors  have  been  presenter! 
1191)  Charms  11921  found  that  the  nuriit'ru  at 
resirlts  obtaintrd  by  the  NASTRAN  finite  element 
program  were  m reasonable  aqrirement  with  measured 
vibration  titrguenr.ies  and  iriode  sha(ies  of  corii()ositt; 
fan  blades  Bhaqat  and  Willmet  1193)  irresimied 
vibrational  finite  element  analyses  of  t'lariar  iriei  tr 
anisrns,  see  also  1 195) , 

Natural  frrtguencies  of  tuix  fyfie  stri/r  tures  trave 
been  investiriated  by  the  finite  element  metliod 
1195  198);  vibration  aiialysr's  of  shi|i  stiur  tines 
are  available  1199203)  Unite  element  vibiation 
analysis  of  irarth  and  toiiniiation  sirui  lures  siicti  as 
dams  has  bi'en  itisi  ussrtii  in  various  survey  <iilnles 
1204  207)  Vibration  an.ilyses  ot  lliqtil  veliu  le 
striK  lures  and  liriuid  ('ropellant  laum  h vehii  les  tiaye 
a|>i>eared  1208  209)  An  extensive  survey  ot  the 
finite  element  analysis  ot  realtor  vessels  tias  been 
given  1210),  as  has  a survey  of  the  iinnriples  ot 
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FUNDAMENTALS  OF  MARINE 
ACOUSTICS 

J W Caruthers 

Elseviur  ScientifiL  Publishiny  Company,  NY  (1977) 

Volume  18  of  the  Elsevier  Oceanography  Series  is 
a textbook  for  graduate  students  and  upper-level 
undergraduates.  It  is  based  on  material  taught  for 
several  years  in  graduate  courses  and  short  courses  at 
Texas  A&M  LIniversity  and  was  originally  published 
as  a Texas  A&M  University  Sea  Grant  Program  re- 
port In  this  form  it  was  used  for  several  university 
courses  both  in  the  United  States  and  abroad. 

The  history  may  explain  in  part  why  its  quality  as 
a textbook  is  so  high  - nothing  beats  hands-on 
experience  in  teaching  a subject  to  students  while 
the  book  is  being  assembled  for  use  in  teaching.  All 
of  the  important  features  of  an  effective  textbook 
can  be  found  in  this  volume  a short  and  useful 
index,  a bibliography  of  reference  books,  a selection 
of  important  references  given  as  footnotes,  problems 
at  the  end  of  seven  of  the  ten  chapters  (with  answers 
to  selected  problems  in  the  back  of  the  book),  a 
coherent  arrangement  of  the  material  into  topics, 
and  clear  explanations  throughout. 

The  topics  treated  cover  all  aspects  of  sound  propaga- 
tion in  the  ocean;  environmental  factors  and  civilian 
applications  are  emphasized.  Coverage  is  nearly 
complete  and  includes,  transducers  (piezoelectric, 
ferroelectric,  equivalent  circuits,  underwater  ex- 
plosions), hydrophones  (calibration,  directivity,  cavi- 
tation), phased  arrays,  the  sonar  equations,  propa- 
gation (refraction,  channeling,  shallow-water  trans- 
mission, attenuation),  reverberation  (volume,  surface, 
and  bottom),  noise,  and  signal  processing.  Chapter  6, 
the  longest  chapter,  treats  such  important  topics 
as  the  wave  equation,  Helmholtz's  integral,  the 
eikonal  equation,  ray  theory,  reflections,  inter- 
ference. and  normal  modes. 


With  this  much  material,  the  textbook -writer  has 
two  options  He  can  provide  introductions  that 
emphasize  the  complexity  of  the  topic,  limitations 
of  the  theories,  exceptions,  and  unknown  areas  in 
order  to  prepare  his  students  for  actual  situations 
should  they  wish  to  follow  up  a topic  in  detail. 
Mr  Caruthers  has  taken  the  other  course,  which  is 
to  strip  away  distracting  details  and  to  present  each 
topic  as  a simple,  complete,  and  understandable 
whole.  This  gives  the  student  confidence  that  he 
can  master  the  topic  as  presented  but  leaves  it  up 
to  him  to  discover  limitations,  exceptions,  and 
extensions  later.  He  can  do  so  from  a firm  basis  in 
the  fundamentals  of  each  topic;  the  first  option 
tends  to  produce  only  confused  students. 

Experts  in  the  various  fields  covered  by  this  book 
can  easily  point  out  omissions  of  detail;  e.g.,  for- 
mulas cannot  be  applied  as  easily  as  indicated,  ex- 
ceptions have  been  ignored  However,  it  is  instructive 
to  see  how  the  author  has  selected  a segment  of 
each  topic,  explained  it,  and  provided  examples. 

One  drawback  is  the  text's  apparent  age  a penalty 
of  assembling  material  for  a book  over  several  years 
of  teaching  a course.  Most  of  the  references,  for 
example,  date  from  1957  to  1967.  The  book  also 
uses  a hodgepodge  of  units  - miles,  centimeters, 
pounds,  dynes  - reflecting  the  different  conventions 
originally  adopted  by  the  fields  covered.  The  varia- 
tions may  be  troublesome  to  students,  who  are  also 
required  to  learn  things  in  units  which,  it  is  hoped, 
will  disappear  in  the  next  few  years  as  the  Systeme 
Internationale  becomes  fully  operational  in  the 
United  States.  A few  SI  units  ate  indicated  by  foot- 
notes. 

The  book  is  highly  recommended  as  a textbook 
for  teaching  a comprehensive  introductory  course. 
The  chapter  headings  and  index  make  it  useful  as 
a quick  reference  to  the  basics  of  the  topics  covered 
The  discussions,  examples,  and  problems  also  make 
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FOUNDATIONS  OF  AERODYNAMICS 
RASES  OF  AERODYNAMIC  DESIGN 

A M Kiiethi'  and  C Y Chow 
John  Wilt'v  & Sons,  Inc  , NY  (1976) 


I his  IS  the  third  edition  of  the  classic,  Foundation 
of  Aeiodvnanuw,  by  Kuethe  and  Sithet/er,  the  first 
two  editions  of  which  were  published  in  19b0  and 
1969  lesiHH lively  The  thud  ixfition  is  essentially 
uiHt)ani]ed  it  is  a Fiasii  fluid  inecfianH  s book  meant 
for  an  underijraduate  fust  course  in  fluid  mectianics. 
It  can  also  serve  as  a reference  for  the  enctineer  in 
need  of  information  alrout  tfie  fundamentals  of 
fluid  mei  hanics  and  fluid  forces  The  extensive 
l)it)lioi|i<iphv  will  be  useful  in  invesluj<ilions  leguiiiiui 
details  afiOLit  areas  tftat  are  i|iven  cursory  ex()osuit' 
in  the  book 

Itie  mam  ddferences  betwiX'ii  this  and  tfte  tuevioiis 
ixfilion  aie  that  the  iranel  method  is  used  to  evaluate 
flow  fields  about  iieneially  shaped  bodies,  inter 
actions  between  different  sftaped  botfies  and  the 
boundary  layru  control  theory  are  described,  the 
u.se  of  niimi'ncal  technictues  in  solvinij  analytical 
(iroblems  has  bc'en  expanded,  tlie  metric  system  is 
u.sed  tluoucitioul,  and  more  |>fot)lems  havr'  berui 
added  at  the  end  of  c.-veiy  section  (21b  total  as 
o()()os<td  to  168) 

The'  book  IS  divicfed  into  two  parts  inviscief  theory 
(Chai'ters  1 13)  and  viscous  thi'ory  (Ct'apiers  IT  19) 
Interac  tions  belwcH'n  uivi,sc  id  and  visi’ous  Hinds  are 
not  considered  llie  invisc  id  pan  of  the  book  con 
lams  SIX  ctiapicus  on  uic  ompiessiftle  lliud  and  seven 
on  comiuessihilily  1 lie  basic  concepts  ol  lluid 
tiio|ieilies  are  mliodcned  and  Hie  li.isu  ennaluuis 
derived  lust  lor  tlie  airfoil  and  then  Icu  a limle 
wmi|  Both  Hie  airfoil  and  wirui  are  arialy  cd  ui 
me  ompress'tile  invisc  id  lliiid,  the  (iiessiiie  disliihu 
tion  .iliout  earh  tiody  is  obtained  The  effec  ts  id 


cortHuessibility  are  introduced,  and  both  normal 
and  oblique  shock  waves  are  explaincxJ  Inviscid 
ttieoiy  IS  completed  wiili  a linear  i/ed  analysis  of 
slender  bodies 

Chatiters  14  16  ancsider  laminar  viscous  fluids, 
and  Chat'ters  17  19  deal  with  turbulent  phenomena 
Conceiits  iiettainmcj  to  viscosity  m general  and 
boundary  layers  in  particular  are  mtrt5duci*d,  and 
both  incomiuessible  and  compressible  laminar  liotind 
ary  layers  are  analy/ed  The  meaninej  of  transition. 
incTuduic)  the  factors  that  affect  it  and  the  turbulent 
field  It  causes,  are  desciibcxf  The  book  ends  with 
a chafiter  on  the  various  ways  that  different  boundary 
layer  controls  methods  can  be  usexj 

Cliapter  1 aivers  tlie  basics  of  fluid  properties  and 
fluid  statics.  Chapter  2 describes  the  kmctmatics  ert 
flow  fields  Chafiter  3 contains  a derivation  of  the 
tiasic  equations  ol  mviscid  flow  fields.  Chapter  4 
deals  witfi  (low  clue  to  sources,  ditioles,  vor ticcts.  and 
flow  field  about  cylinders,  it  contains  a numerical 
analysis  of  (low  held  about  cienerally  shaped  bodies 
as  dc'velot'cxf  by  AMO  Smith  Chapter  b aivers 
tfie  aerodynamic  ctiaractei istics  ol  symmetiical  and 
camtiereci  airfoils  and  geneiali/es  this  into  a numeii 
I al  analysis  lor  nioie  cximplex  shaties  Chapter  6 
considers  brute  wings,  with  and  witlioiit  twists,  and 
describes  wing  stafiility  and  tfie  inter (I'lence  I'll'-cts 
of  wings,  ground,  and/or  wind  tunnel  walls  ChaiMei 

7 introduces  the  effects  ol  compiessibility  m botli 
the  c:onlinuity  and  the  momenluiii  equation  Chapter 

8 contains  a derivation  of  the  energy  equation  tor 
compressible  fluids  Chafiti'i  9 cxnitams  solutions 
for  the  (low  (icTcis  about  the  I. aval  nci.vle  as  well 
as  solutions  lor  one  dimensional  flows  with  and 
witlioiit  fiu  tioii  .md  with  and  without  tfie  addition 
of  hc'ai  Ch.iiHei  10  introduces  and  disc  ussi’s  normal 
and  oblique  shock  w.ivi'S  In  (Jiai'tei  II  the  cum 
firessible  fluid  equations  aie  lineaii.(\f  loi  sniall 
tic'rturbalions  In  Chapter  12  these  eqiialions  are 
used  to  analy.'e  a. 'foils  m sulisonic  tiansoiiH  , and 
■.iipersonii  Hows  Cli.ipter  1 3 i onl.ims  .so'uiions  loi 
the  cJlec  t of  svvi'ei'back  and  wing  tus'  I.K|e  n.mliina 
lions  111  < omiuessible  How  fielcis 

tJiaplei  IT  (cinlaiiis  .leiiv.ilioiis  ol  the  luuaMaiv 
layer  equation',  a''d  disi  usses  the'  coneetg  of  siniil.n 
ily  of  How  fields  Cfiapter  l!i  (Xiiitams  solutions  !oi 
incximpiessitile  viscous  How  fields  m tulies  md  c'li 
Hat  plates  and  an  mtroduc  lion  to  tlie  Von  (c.in’  .iu 
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intt-qial  reldlionship  and  its  solution  by  the  Pohl 
hausen  analysis  Chat'ter  Iti  is  an  introduction  to 
lainmai  boundary  layers  in  coiiifiressible  lluids  and 
lontains  some  simplilied  solutions  Chapter  17  is 
an  evcellont  inlioduction  to  transition  ptienomena 
that  occur  as  the  boundary  layer  ()oes  (roin  laminar 
to  turbulent  The  physical  fihenomenori  is  describc-d, 
us  well  as  the  factors  tliat  affect  the  transition 
pressure  ijradient,  suction,  heat,  romtiressibility , 
noise,  roughness,  and  surfat^e  curvature  Different 
experimental  techniques  for  detecting  transition  are 
also  discussrxJ  Chapter  18  covers  turbulent  shear 
flows  It  includes  a general  description  of  turbulence 
and  solutions  to  the  simple  flow  field,  i e . fully 
develoiHHf  Hows  in  tubes  and  channels  aixj  boundary 
layers  over  flat  plates  Chapter  19,  the  only  com 
pletely  new  chapter  in  the  book,  deals  with  boundary 
layer  control  over  airfoils  by  suction  and/or  blowing. 
Multi-conH)onent  airfoils  are  analyzed,  and  some 
results  are  presented 

Although  the  book  is  rrrcogni/ed  as  excellent  tor  the 
areas  included,  it  is  regrettable  that  the  authors 
chose  to  restrict  the  scx)|)e  of  the  book  to  aero- 
dynamics. Many  different  scientific  fields  now 
utilize  the  equations  of  motion  and  the  techniques 
originally  drrvelopixi  for  tfie  aerodynamicisl  Dis 
cussions  on  the  atrplication  of  these  techniques  to 
such  fields  as  hydiodynamics,  acoustics,  blood 
llr'w,  <Hiu<»tii  animal  I'lopulsion,  tides,  atmospheric 
boundary  layers,  solar  wind  flows,  wind  turbines, 
and  matfiemalical  morJels  tor  weather  prediction 
would  have  b<;en  a welcome  addition,  the  inclusion 
of  some  of  these  topir.s,  even  to  the  exclusion  of 
certain  information  in  the  book,  would  have  im 
monsely  expanded  its  usefulness. 

Dr.  Mauro  Pierucci 
Principal  Enginrxir  Dept  443 
GENERAL  DY  NAM  ICS/Electric  Boat  Div 

Groton,  CT  06339 


VISCOELASTICITY 

W Flu'gge 

Springer  Ver lag  (197b) 


The  book  is  an  introduaory  text  on  the  linear  theory 
of  viscoelasticty.  The  stated  objective  of  the  book 
is  to  present  "the  theory  of  viscoelasticity  as  an 
instrument  of  logical  analysis.  Basic  assumptions 
are  plausibly  explained,  and  mathematical  reasoning 
IS  used  to  derive  results  from  them,  which  are  deem- 
ixi  of  interest  lor  engineering  tasks." 

Indeed  the  book  is  meant  for  those  who  are  interest- 
ed in  applications  and  nt>ed  an  introduction  to  the 
sub|ea  of  mechanical  behavior  of  simple  structures 
with  viscoelastic  properties  under  various  types 
of  loading.  In  this  respect  it  serves  as  a very  useful 
and  loadable  introduction  to  the  subject  of  visco 
elasticity.  The  author  has  taken  great  pains  to  explain 
and  illustrate  (by  examples)  the  difference  in  me- 
chanical behaviors  of  structures  obeying  different 
viscoelastic  constitutive  laws. 

The  book  is  divided  into  eight  chapters.  Chapter  1 
is  a discussion  of  various  viscoelastic  models  obtained 
by  a combination  of  springs  and  dashpots.  Chapter 
2 is  on  hereditary  integrals.  Chapters  3 and  4 deal 
with  viscoelastic  beams.  Vibrations  and  wave  propa- 
gation are  discussed  in  Chapters  5 and  6,  and  buckling 
in  Chapter  7.  Chapter  8 contains  a brief  treatment  of 
three-dimensional  problems. 

S.K  Datta 

Professor  of  Mechanical  Engineering 
University  of  Colorado 
Boulder,  CO  80309 
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SHORT  COURSES 


1979 


JANUARY 


NONDESTRUCTIVE  EXAMINATION 

Dates  Re(X)ated  continuously  thoughout  the 
year  (1  day  to  3 weeks) 

Place  Los  Angeles,  C A 

Objective  For  those  requiting  qualdication  and 
cert  i heat  ion,  theory  and  practical  application  courses 
are  available  for  either  one  or  all  of  the  basic  tech- 
niques, Ultrasonics,  Radiographic,  Magnetic  Particle, 
Liquid  Penetrant,  Eddy  Current  and  Helium  Leak 
Also  Sfiecial  Radiation  Safety  and  Radiogiaphic 
Film  Interpretation  courses  for  Level  II  and  Levr;!  Ill 
training  are  presented.  The  selection  of  courses  is 
also  afyplicabic  to  those  who  require  enginc'ering 
understartding,  suj'ervision  training  or  state-of  the 
art  development 

Contaa  C.A.  Parker,  Nuclear  Training  Center, 
Atomics  International,  P O.  Box  309,  Canoga  Park, 
CA91304  (213)  341  1000,  Ext  2811. 


VIBRATION  TESTING  AND  DYNAMIC  ANALYSIS 
OE  MACHINES  AND  STRUCTURES 

Dates  1 3 seminars  througtiout  the  year 

Place  San  Diego,  CA 

Objective;  Individual  seminars  will  txrver  such  wide 
ranging  subjects  as  machinery  vibration,  structural 
deformation  and  responsr;,  analysis  of  the  modal 
behavior  of  mechanical  assemblies  subjected  to 
outside  forces,  and  the  apjiliration  of  vibration  analy 
sis  to  on-line  quality  control  in  the  manulacturing 
proaiss.  Cost  effectiveness  will  be  stressed  throutjhout 
the  entire  series,  including  down  to  earth  discussions 
of  how  vibration  analysis  can  save  money  through 
preventing  rnarhinery  failure,  eliminating  costly 
testing  of  engineering  |irototy|)C's  and  improving 
product  reliability  thiough  scientific  design  and 
testing 


Contact  Robert  Kiefer,  Training  Manager,  Spectral 
Dynamics,  PO  Box  671,  San  Diego,  CA  92112  • 
Tel  (714)268  7100. 

TRANSMISSION  LINE  INSTRUMENTATION. 
DATA  ANALYSIS  AND  DESIGN 

Dates  Contact  Til  for  details 

Place  Ibid 

Objective  Severe  1978  79  winter  winds  will  further 
endanger  vital  USA  high-tension  electrical  power 
gilds  Wind  causrxf  vibration  of  transmission  lines  is 
the  central  concern  of  this  new  course.  Wind  induced 
vibration  failure  modes  include  Fastenings  within 
insulator  stacks  fatigue,  dropping  conductors.  Tower 
structures  fatigue  and/or  loosen.  Conductors  crack; 
it  cracks  (often  accompanied  by  fretting  corrosion) 
penetrate  sufliciently , conductois  would  break  and 
drop,  and  Dampers  commonly  fail  and  drop  off  the 
lines.  Utilities  are  using  acr'oleromotors  arid  other 
instrunients  to  study  rwnductor  motions  Measure- 
ments demonstrate  which  dampers  arc  most  effective. 

Contact  Wayne  Tusfin,  22  E.  Los  Olivos  St,, 
Santa  Barbara,  CA93105  (805)  963  1 124 


STRUCTURED  PROGRAMMING  AND  SOFTWARE 
ENGINEERING 

Dates:  January  8-12,  1979 

Place  The  George  Washington  University 

Objertive  This  exturse  provides  up  to-date  technical 

knowledge  of  logical  expression,  analysis,  and  inven 
tion  (or  performing  and  managing  software  aichitec- 
ture,  design,  and  production  Presentations  will 
covrtr  principes  and  applications  in  strurtuies  pro 
gramming  and  software  engineering,  including  steji 
wise  refinement,  j'rogiam  coirecfness,  and  top 
down  system  develojiment 

Contact  Continuing  I nginrHiiing  Fduration  Pro 

gram,  George  Washington  University,  Wasitington, 
D C 20052  (2021  676  6106  or  toll  frrre  (800)  424 

9773 


I 


KNVIRONMKNTAI-  ACOUSTICS 

Ddtes  Jc)iui.ity  10  to  Mdroh  21,  1979 
(Wcdni'sdiiys,  7 10  (viii  ) 

Place  UCLA  Extension,  Los  Angeles,  CA 
Objective  I his  cuoise  will  cover  acoustic  ineasuro 
nients,  noise  metrics  and  human  criteria,  sound 
projiagation  and  attenuation,  vehicle  and  aircraft 
noise,  sound  in  rooms,  acoustic  properties  of  materi 
als,  transmission  loss,  ducts  and  mufflers,  sound 
transmission  in  buildings,  vibration  control  and  im 
jiact  isolation,  sound  reinforcement,  noise  law  and 
environmental  iiigiact 

Contait  Barbara  Marcus,  UCLA  Extension,  PO 
Box  24902,  Los  Angeles,  CA  90024  (213)  82b 

1901 


SHOCK  AND  VIBRATION  CNCINKl'.RINC  FOR 
AKROSPACKSYSTKMS 

Dates  January  9 to  March  20,  1979 
(Tuesdays,  7 10  ji  m.) 

Place  UCLA  Extension,  Los  Angeles,  CA 
Objective  this  coiirsi!  will  cover  each  facet  of  shuck 
and  vitiration  engineering  in  aerosjiace  systems 

Contact  Barbara  Marcus,  UCLA  t xtension,  PO 
Box  24902,  Los  Angeles,  CA  90024  (213)  825 

1901 


FEBRUARY 

VIBRATION  AND  LOOSK  PARTS  MONITORINC. 
SYSTKMS  AND  TECHNOLOGY 

Dates  Eebruary  5 8,  1979 
Place  Los  Angelos,  California 
Objective  A course  designed  for  users,  utility 
designers  specifying  systems,  installers,  operators, 
and  analysts  of  Vibration  and  Loose  Parts  Monitor- 
ing Systems  Classroom  instruction  in  theory,  intalla- 
lion,  calibration,  alarms  and  location,  signature 
analysis,  noise  analysis,  and  troubleshooting  and 
servicing  Practical  demonstialion  includes  student 
"hands-on"  operation  of  equipment 

Contard  C A Parker,  NurJear  Training  Centei, 
Atomics  International,  P O Box  (509,  Cancjga  Park, 
CA91304  (213)  341  1000,  Ext  2811 


VIBRATION  AND  SHOCK  SURVIVABILITY 

Dates  February  5-9,  1979 

Place  Tustin  Institute  of  Tech,  Santa  Barbara 

Olgective  loi’ics  to  be  covered  are  resonance  and 
fragility  phenomena,  and  environmental  vibration  and 
struck  measurement  and  analysis,  also  vibration  and 
shock  environmental  testing  to  jrrove  survivability. 
This  cxrurse  will  concentiate  ujjon  equipments  and 
tectiniques,  rather  tfiari  upon  mathematics  and 
theory 

Contact  Wayrrt!  Tustin,  22  E.  Olivos  St  , Santa 
Barbara,  CA  93105  (805)  963-1 124 


FLOW-INDUCED  VIBRATION  PROBLEMS  AND 
THEIR  SOLUTIONS  IN  PRACTICAL  APPLICA- 
TIONS: TI  RBOMACHINERY.  HEAT 
EXCHANGERS  AND  NUCLEAR  REACTORS 

Dates  Eebruary  12-1  6,  1979 
Place  The  University  of  Tennessee  Space  Inst. 

Objective  The  aim  of  the  course  is  to  |7rovide 
practicing  engineers  engaged  in  design,  research  and 
service,  an  iit  det'ttr  background  and  exjrosure  to 
various  jiroblems  and  sr)lution  techniques  developed 
in  recent  years  Tojiics  to  be  covered  will  be  the 
fundamental  imncijrles  of  unsteady  fluid  flow, 
structural  vibration  and  their  interplay,  review  of 
tire  moijihology  of  flow  induced  vitiration,  state 
of  the  art  discussion  ujion  theory,  exjierimental 
techniques  and  their  interaction,  methodology  of 
alleviation 

Contact  Jules  Beinaid,  The  University  of  Tennes- 
see Spare  Institute,  Tullahoma,  TN  37388  - (615) 
455  0631  Ext.  276 or  277 

MACHINERY  VIBRATIONS  COURSE 

Dates  February  26  March  1 , 1979 
Place  Shamrock  Hilton  Hotel,  Houston,  Texas 
Objective  This  rxiurse  on  machinery  vibrations  will 
cover  jihysical/rnathematical  descriptions,  calcula 
lions,  modeling,  measuring,  and  analysis  Machinery 
vibrations  control  techniques,  balancing,  isolation, 
and  damjunp,  will  be  discussed  Techniques  for 
macfiine  fault  diagnosis  and  correction  will  be  re 
viewed  along  with  exami'les  and  casrr  histones  Tor- 
sional vibration  measurement  and  calculation  will 
lie  coveierl 
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Contact  Dc  Ronald  L EshU;nian,  Vibiation 
Institute,  Suite  206,  101  W 55th  St  , Clarendon 
Hills,  IL  60514  (312)  654-2254/654  2053 


MARCH 


MACHINKRY  VIBRATION  SKMINAR 

Dates  March  6-8,  1979 

Place  New  Orleans,  Louisiana 

Objective  To  cover  the  basic  aspects  of  rotor-bear 
ing  system  dynamics  The  course  will  provide  a funda- 
mental understanding  of  rotating  machinery  vibra 
tions,  an  awareness  of  available  tools  and  techniques 
for  the  analysis  and  diagnosis  of  rotor  vibration 
inoblems,  and  an  appreciation  of  how  these  tech- 
niques are  apjilied  to  correct  vibration  problems 
Technical  jiersonnel  who  will  benefit  most  from  this 
course  are  those  concerned  with  the  rotor  dynanncs 
evaluation  of  motors,  (>um|)s,  tui bines,  compressors, 
gearing,  shafting,  couiilings,  and  similar  mechanical 
equipment  The  attendee  should  j'ossess  an  engineer 
mg  degree  with  some  understanding  of  mt'chanics 
of  materials  and  vibration  theory  Ajijirojiriate  job 
functions  include  macfiineiy  designers,  and  filant, 
manufacturing,  or  service  engineeis 

Contact  Mr  Frank  Ralbovsky.  MTI,  968  Albany 
Shaker  Rd  , Latham,  NY  12110  (5181  785  2349 


MEASURKMKNT  SYSTEMS  ENGINEERING 

Dates  March  12  16,  1979 

Place  Phoenix,  Arizona 

MEASUREMENT  SYSTEMS  DYNAMICS 

Dates  Mar r.h  19  23,  1979 

Place  Phoenix,  Arizona 

Objective  Pioijram  emphasis  is  on  how  to  increase 
productivity,  cost  effectiveness  and  data  validity  of 
data  acquisition  groups  in  the  field  and  in  the  labora 
tory  The  program  is  intended  for  engineers,  scien 
tists,  and  managers  in  industrial,  governmental,  and 
educational  organizations  riectm  al  measurements  of 
mechanical  and  ttrermal  quantities  are  the  major 
topics 


APPLICATIONS  OF  THE  FINITE  ELEMENT 
METHOD  TO  PROBLEMS  IN  ENGINEERING 

Dates  March  12  16,  1979 
Place  The  University  of  Tennessee  Space  Inst 
Objective  This  course  will  concentrate  on  material 
developed  recently  and  provide  a solid  foundation 
for  those  relatively  new  to  the  field  Topics  to  be 
covered  are  the  treatment  of  mixed  type  equations 
which  occur  in  transonic  flow  and  wave  motion  in 
nonlinear  solids,  mixed  type  elements  which  are  of 
importance  in  systems  such  as  the  Navier  Stokes 
equations,  the  interrelationship  between  the  equation 
formation  and  the  iterative  scheme  needed  to  solve 
any  of  the  nonlinear  equations,  the  advantages  of 
hybrid  elements,  and  the  use  of  interactive  graphics 
as  an  aid  to  problem  solution. 

Contact  Jules  Bernard,  Ttie  University  of  lonnes- 
see  Space  Institute,  Tullahoma,  TN  37388  (615) 

455-0631,  Ext  276  or  277 


APRIL 

MACHINERY  VIBRATION  MONITORINi;  AND 
ANALYSIS  SEMINAR 

Dates  April  ?0  12,  1079 

Place  New  t.li k'ans,  Louisiana 

Objective  This  smninai  will  be  devoted  to  the  un- 
dta staiidiiig  and  ajijilication  of  vibration  teihnology 
to  inaihineiy  vibration  monitoring  and  analysis 
Basic  and  advanced  terJimques  with  illustrative  case 
histones  and  demonstrations  will  be  discussed  by 
industrial  experts  and  consultants  Tcrpics  to  bo 
covered  in  the  seminar  include  preventive  mainten 
ancc,  measurements,  analysis,  data  recording  and 
reduction,  conijiutei  monitoring,  aajustic  tei-hniques, 
misalignment  effects,  Lralanr  ing,  mechanical  irntred 
ance  and  mobility,  turfiomachinery  blading,  bearing 
fault  diagnosis,  loisional  vibration  jtioblems  and 
corrections,  and  trend  analysis  An  insti urnentation 
show  will  be  held  in  cxmijunction  with  this  seminar 

Contact  Dr  RL  Fshleman,  Vibration  Institute, 
Suite  206,  101  W 5!)th  St  , Claiendrtn  Hills,  IL 
60514  (312)  654  22fi4 


Contact  Peter  K Stem,  5602  E Monte  Rosa, 
Phoenix,  A2  85018  (602)  945  4603/946  7333 


CORRELATION  AND  COHERENCE  ANALYSIS 
FOR  ACOUSTICS  AND  VIBRATION  PROBLEMS 

Dates  April  1620,  1979 
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Plac«  UCLA 

Ubiectivt!  This  (.our«>  covers  the  latest  praclkal 
technique's  ot  corielation  and  coherence  analysis 
(ordinary,  rm)lli()le,  (lartial)  tor  srilvinq  aroustic.s  and 
vihiation  problems  in  (ihysical  system.s  (’rocedures 
currently  biMiiq  apl'lied  to  data  (xtllected  troni  sinqlr;, 
nuiltit)!*'  and  distilbiited  input/oiitput  systems  are 
explained  to  classify  data  and  systems,  measure 
piopaqation  times,  identify  source  amti ibutions, 
evaluate  and  monitor  system  i)iO()erties,  piedict 
output  responses  and  noise  conditions,  doteimine 
nonlinear  and  nonstationary  efft'cts,  and  conduct 
dynamics  test  (rioqrams 

Contact  PO  Box  24902,  Continuing  Education 
in  h ntfiniH)! ini)  <>iKi  Mathematics,  UCLA  Extension. 
Los  Anrteles,  CA  90(T?4  (213)  82b  3.W4/82b  1 29b. 

MAY 

STRIKTURKI)  PROE.RAMMING  AND  SOKTWARF. 

enoinef.rine; 

Dates  May  21  2b,  1979 

Plaai  T he  George  Washington  University 

Obiective  This  course  iirovides  up  to  date  ter  hniral 

knowledge  of  logical  expression,  analysis,  and  inven 
tion  for  (leifoiming  and  managing  software  architec 
tore,  design,  and  production  Piesentations  will 
cover  princgiles  and  applications  in  stmctiiies  pro 
gramming  and  software  enginairing,  including  step 
wise  refinement,  tirogiam  airrectness,  and  top 
down  system  development 

Contact  Continuing  Engineering  Education  Pro 

gram,  George  Washington  University,  Washington. 
D C 200b2  (202)  676-6106  or  toll  free  (800)  424 

9773. 


JUNE 

ACOUSTIC  EMISSION  STRUCTURAL  MONITOR- 
ING TECIINOLOETY 

Dates  ,)une  18  19,  1979 

Place  Los  Angeles,  California 

Objective  A theory  and  practice  coursrt  aivering 
each  of  the  various  facets  of  acoustic  emission  struc- 
tural monitoring  technology,  basic  phenomena, 
state  of  thc-art  applirations,  field  testing  experienr*, 
applicable  ixidos  artd  standards  and  instrumentation 


design  arxl  calibration  Includes  "handson"  opera 
tion  of  minicomputer  and  microcomputer  acoustic 
emission  systems  This  course  is  designed  for  poten 
tial  users  of  auiustic  emission  siructuial  monitoring 
systems 

Contact  CA  Paikei,  Nuclirai  Training  Center, 
Atomics  International.  P.O  Box  309,  Canoga  Park, 
CA91304  (213)  341  1000,  Ext  2811. 
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NEWS  BRIEFS 


NOISEXPO  -79 

National  Noiae  and  Vibration  Control 
Conference  and  Exkdrition 

April  2-5.  1979 

NOISEXPO  '79  will  be  presented  April  2 5.  1979. 
at  the  Hyatt  Reqency  O'Hare,  five  minutes  from 
the  Chicago  O'Hare  Airport  The  conference  program 
features  a unique  series  of  mini  courses  on  noise 
and  vibration  related  topics  The  program  also  in 
eludes  a luncheon  session,  showings  of  canned  pre- 
sentations in  a mini  theater,  and  technic.al  sessions 
featuring  papers  on  hearing  conservation,  instru 
mentation,  product  noise  and  vibration,  irxfustrial 
noise  and  vibration,  structural  dynamics,  and  en 
vironmental  noise  NOISEXPO  '79  serves  individuals 
who  are  concerned  with  noise  and  vibration  control, 
hearing  rxmservation  and  environmental  noise  regula 
tion  Engineers,  technicians  and  managers  from  in- 
dustry. personnel  from  governmental  agencies, 
educators;  and  researchers  will  benefit  from  the 
program.  Advance  registration  is  available  from 
NOISEXPO.  27101  E.  Oviatt  Road.  Bay  Village. 
OH  44140  Phone:  (216)  835-0101 

NOISE-CON  *79 

National  Conference  on  Noiae  Control  Enpneerinf; 

Machinery  Noiae  Control 

April  30-May  2,  1979 

NOISE-CON  79.  the  1979  National  Conference  on 
Noise  Control  Engineering,  will  be  held  at  Purdue 
University  in  West  Lafayette.  Indiana,  on  April  30  - 
May  2.  1979 

The  theme  of  NOISE-CON  79  is  Machinery  Noise 
Control.  Several  different  sessions  will  be  held  in 
which  both  invited  and  contributed  papers  will  be 
presented.  Ten  sessions  are  presently  planned  on  the 
following  topics:  agricultural  and  construction 
equipment  noise,  forging  and  impact  noise,  metal 
cutting  noise,  noise  of  engines  and  rxjmponents. 


nstm  on  currant 

and  Future  Shock  and 

Vibration  activities  and  events 


diagnostic  measurements,  measurement  of  noise 
emission,  noise  of  machine  elements,  hydraulic  and 
pneumatic  system  noise,  mining  equipment  noise  and 
noise  of  home  appliances.  For  information  on  the 
conference,  oonta  ;t  NOISE  CON  '79,  116  Stewart 
Center,  Purdue  Un  ersity.  West  Lafayette.  IN  47907 

ACOUSTIC  EMISSION  DEVICE  WILL  WARN  OE 
GROWING  FLAWS  IN  STEEL  BRIDGES 

A battery-powered  mstrunxjnt  the  si/e  of  a portable 
radio  may  soon  be  used  to  detea  the  growth  of 
material  flaws  in  steel  bridges  It  was  develoiwd  for 
the  Federal  Highway  Administration  in  sponsored 
research  at  Batelle's  Pacific  Northwest  Laboratories, 
Richland.  Washington  The  instrument  system  is  an 
advancement  of  acoustic  emission  technology  devel 
oped  earlier  at  Battelle.  With  acoustic  emission, 
highly  responsive  sensors  monitor  elastic  waves  pro- 
duced by  energy  released  during  deformation  or 
cracking  of  material 

The  system  includes  three  sensors  that  are  magnetical- 
ly mounted  on  the  bridge  Signals  picked  up  by  the 
sensors  are  led  back  into  the  primary  unit  and  stored 
on  digital  memory  chips  The  tiny  chips,  about  1" 
long  and  %"  wide,  permit  unattended  operation 
and  data  collection  for  up  to  several  months  The 
unit  can  be  powered  by  batteries  or  by  a 110  volt 
current.  It  is  portable  and  weighs  less  than  seven 
pounds.  Projea  leader  Phillip  H Hutton  of  Battelle's 
Engineering  Physics  Department  said  that  ad|ust 
ments  to  the  master  unit  permit  monitoring  a variety 
of  area  si/es  and  configurations.  This  may  range  from 
a few  square  inches  at  the  tip  of  a known  crack  to 
a weld  30-40  feet  long 

Hutton  noted  that  "This  unit  can  be  used  for  short 
term  sample  monitoring  of  critical  bridge  details 
However,  its  primary  use  will  probably  be  in  long 
term  monitoring  of  bridges,  since  material  flaws 
often  grow  slowly"  The  unit  was  successfully  field 
tested  for  five  weeks,  including  operation  at  tern 
pcratuiesof  near  zero. 
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CAM,  KOK  PAPKRS 


TiRp:  Noisc  (;oN^^;R^;^c^; 


TIIC  SK.CONU  INTK.R.NATIONAI.  MPOSU  M 
ON  INNOV  ATIVK  M MF.RIC AL  ANAI.VSIS 

IN  APPMM)  kn(;inm;rin(;  sciknck 

Junr  16-20.  I OHO 

The  Seionc)  Inter  national  Svmi'osiuni  on  Innovative 
Nunieiiial  Analysis  in  Applied  Engineering  Seienee 
will  be  held  June  1&20,  1980  .U  the  Lcole  Poly 
di*  Montreal  in  Montreal,  Can.ida  Papttrs 
are  solicited  in  all  areas  ot  engineering  science  such 
as  solid  and  fluid  mechanics,  eleciiical  engine»'iing. 
acoustics,  etc  with  emirhasis  on  "non  standaid" 
numerical  analysis  Papers  on  innovative  nuineiical 
analysis  which  emphasue  technology  tiansfei  toincs, 
hybi idi/ation  of  analysis  nietfiods  and  iirtv'  tech 
nology  are  strongly  encooiagtHi 

Extendi\1  abstracts  ot  ai'proximately  1000  words, 
in  f rench  or  f nglish.  are  leguiied  by  Maii:h  15,  1979 
Final  accepted  I'apeis  ot  ut'  to  10  iiaries  will  be 
nxiuired  by  December  15,  19/9  lor  publication  in 
the  symt'osiiim  pioceedings  Five  copies  of  each 
abstract  should  be  sent  to 

Dr  A Chaudouet  (E  urot'o) 

CL  TIM 

Boite  Postale  No  67 
60-104  Srmlis,  Cedex,  France 

or  to 


Auituil  28-30.  1979 

The  conference  will  be  held  August  28  30,  19/9  at 
tire  Sheiaton  Hotel  in  Stockholm,  Swr>den  Ihe 
obteitive  of  Ihe  symposium  is  to  provide  a base  for 
icducing  tire  noise,  unify  measurement  methods  and 
find  a closer  approach  of  the  mechanisms  of  tiie 
noise  geneiation  Areas  covered  include  Hegulations 
standard  and  financial  aspects  of  tire  noise  control, 
Measuiement  technique,  EXitining  road  and  tire 
properties.  Generating  mechanisms  and  parameter 
influence,  and  Practical  tire  noise  reduction. 

Further  information  can  be  01113101x1  from  National 
Swedish  Board  for  Technical  Development  (STU), 
Attn  Ms  Ingei  Duner,  Private  Bag,  S 100  72  Stock 
holm,  Swetlen,  Phone  + 46  8 744  51  00 


30TH  SHOCK  AND  VIBRATION  SYMPOSIUM 
MKKTINO  ANNOlINCKMKNT 


The  50th  Shock  and  Vibiation  Symposium  will  be 
held  on  October  16  18,  1979.  at  the  Antlers  Pla/a 
Hotel,  Colorado  Springs.  Colorado  The  U S.  Air 
Force  will  be  the  host  For  mtoimation,  contact 
Hemy  C Pusey,  Directoi,  The  Shock  and  Vibration 
Center,  Code  8404,  Naval  Research  Laboratory. 
Washington,  D C.  20375  Tele  (202)  767  3306 


Dr.  T.  Cruse 

Pratt  and  Wtiitney  Aircraft 
East  Elartford.CT  01608 


REVIEWS  OF  MEETINGS 


49TII  SHOCK  AND  VIBRATION  SVMPOSII  M 

17  19  0itob(;r  1978 
Intornational  Inn 
Wdshinqion.  D C 

The  49th  Shock  and  Vibration  Symposium,  sponsor 
(Kj  by  the  Shock  and  Vibration  Information  Center 
(SVIC),  was  held  in  Washington,  D C in  Octobei 
It  was  hosted  try  the  NASA,  Cioddard  Space  Flight 
Centei,  Gri'enbelt,  Maiyland.  The  formal  ter  finical 
(irogram  lonsisied  of  more  than  60  papers  (see  Vol 
10,  No  9 of  the  DIGFST  for  the  complete  piograrn, 
t'aiiei  summaries  art;  available  from  SVIC)  There 
was  a session  of  moie  than  15  short  dist  rissions 
Henry  Piisey,  Director  of  the  SVIC,  the  niembeis 
of  the  SVIC  staff,  and  the  Program  Committee  are 
to  be  rongratulated  tor  assembling  an  interesting 
program  W Brian  Keegan  of  the  Goddard  Sfiace 
f ligfit  Centei  was  rest'onsible  lor  oigani/ing  an  ex 
celltan  opening  session  and  outstanding  local  arrange 
ments  Among  the  900  (iartici(iants  were  lepiesenta- 
lives  ol  the  federal  government,  industry,  and  aca 
dernic  insliliitions  The  attendees  iiarticgiated  in  both 
tlie  formal  and  informal  leihnital  firograms,  thereby 
offer  ting  a nieaningful  transfer  of  shock  and  vibration 
ter  hnology 

r/te  Opening  Session 

Ihe  opening  session  was  rhairtxf  by  W Brian  Keetian 
Symposium  (>arti(i()ants  were  welrnmed  rin  bi'halt 
ol  the  NASA,  Goddaid  St'are  riirjht  Center  by 
Dr  Robeit  S Cooper,  Direr  tor  of  the  Center  Dr 
Coo(>er  stressed  the  importanre  ol  the  Symposium 
to  Goddard  and  NASA  in  its  role  ol  hel(iing  to  solve 
shor  k and  vibration  inoblems  in  spar  e systems 
Andrew  .1  Stofan,  Deputy  Assoi  iaie  Administrairir 
lor  St'dr  e Sr  leni  rrs,  NASA,  presr'nlerl  the  keynote 
arlrfress  Mr  Stofan  nolerf  tfii'  fa<  t Ift.rl  he  ni*vr-i 
reteivixl  ttrxid  news  from  shor  k and  vibialion  r'ligi 
nei'rs  in  his  fifteen  ytrars  ol  expi’iieme  with  launch 
vrTiir  les.  Sfior  k anri  vibration  inoblems  were  always 
present  but  were  solveri  He  tevit*wecl  some-  past 


problems  and  NASA's  future  program  plans.  Mr 
Stofan  described  some  ol  the  pogo  problems  en 
countered  in  the  early  Titan  Centoui  vehicles  In  the 
process  ol  solving  these  problems  he  observed  the  tact 
that  analytical  tools  lag  hardware  in  development  and 
shock  and  vibration  people  are  typically  brought  in 
too  late  Analytical  tools  have  to  be  improved  for 
large  structures  in  stiace  Among  the  programs  de- 
scribed by  Mr  Stofan  were 

• GAIK  ft)  SPACt  CRAFT  fly  by  Mais  and 
Juniper  in  1985  (dynamics  and  control  prob 
lems) 

• SPACE  TELESCOPE  1983  (problems  in  ab- 
solute pointing  accuracy) 

• LARGE  AREA  MODULAR  ARRAY  look  for 
X lay  sourc es 

• UV  OPTICAL  INTERFEROMETER  measure 
sources  near  rxjge  of  solar  system 

• GEOSTATIONARY  PLATFORM  i emote  area 
communications 

• X RAY  PINHOLE  TELESCOPE  determine 
X lay  sources  in  Sun 

• GRAVITY  WAVE  INTERFEROMETER 

Mr  Stofan  observed  that  the  technology  does  not 
exist  tor  some  of  the  projects  and  that  analysts  will 
have  to  work  closely  with  designers 

The  lust  invited  patier  was  "The  Role  of  Dynamics 
in  DoD  Scienie  and  Technology  Programs"  by 
Dr  (ji'orge  P Millburn  of  the  Office  of  the  Deputy 
DiKMtoi  of  Research  and  Engineering  Dr  Millbuin 
noted  that  the  SVIC  services  toim  a c-enlial  lolc'  in 
DoD  RT&DF  piogiams.  He  observi'd  that  we  must 
use  the  latest  technology  to  combat  thi“  lack  ol 
people  and  numbers  ol  haidwaie  in  ocii  defense  He 
rc'viewc'd  the-  DoD  lesi'aufi  and  dt>velopiiH;nl  and 
noit'd  the  dilliccill  |iioblem  of  disiiibuting  Ihe  R&D 
effort  to  ctovernrni'nt  laboratorie.s,  rxiriiract  nrsearch 
(urns,  aiKi  Universities  The  ley  thrusts  in  DoD 
lescMiih  inc  lode  aililic  idl  intelligence,  sniai I weapons, 
directixl  bi'ams.  mic  lot'lei  tionics,  and  comiiosile 
materials  Dr  Millluiin  obst'ived  the  ncH'd  tor  Icvli 
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nolo<)v  tiansfer  (jioups  smh  as  SVIC  iii  an  fttoit 
lo  eliminate  <ostlv  diiplKalion 


I 

’1 


Dr  Mii.hael  Caicl  ot  NASA,  Langley  Hesearr  h Centei 
presented  the  seairxl  inviieri  iiapei  on  "Dynaniics 
Problems  in  Large  Space  Striictiiios  " l)r  (^atd 
showed  previous  large  vetiicles  (IXPLOREH  (’49), 
ECHO  II  ('(>4),  SKYLAB  (73))  launctied  by  NASA 
All  had  reliability  problems  New  large  space  struc 
turcs  have  a lot  ol  ot>en  truss  work  Dr  Card  de 
scribetl  the  three  main  areas  with  dynamics  (>roblems 
structural  analysis,  dynamic  loads,  and  runtrols 
Problems  have  begun  to  arise  with  s<iturat(!c)  urm 
puter  irrogranis  and  with  scaling  Dr  Card  revieworJ 
the  common  dynamic  modeling  and  computation 
techniques  and  discussed  his  progress  in  continuum 
analyses  for  repetitive  structures  He  alst)  reviewtHf 
load  stiurces  for  large  space  structures  including 
ground  tiandling,  boosting,  dei'loymr'nt,  assimibly, 
control,  thrusting,  docking,  oirerations,  anrf  environ 
rnents  Low  frequencies  (to  1 H/)  of  large  spac'e 
structures  are  a problem  for  instance  low  earth 
orbrt  forcing  frequency  is  002  H/  (2r  Card  talkrrd 
about  means  for  control  of  large  space  structures 
including  counter  rotating  nntis  and  adaptive  control. 
He  summari/ed  with  a discussion  crn  methods  tor 
structural  artalysis,  dyraanric  loads,  arrd  c.oirttols 

Dr  John  F Wilby  of  Bolt  Beranek  and  Nrrwnian 
gave  the  third  invited  irapcr,  "Analytical  Model  for 
Predictions  of  Noisr;  Levrris  in  Sfrar.e  Shuttle  Payload 
Bay  " Their  work  on  aruiistic  noise  environment 
includes  efforts  on  mathematical  analysis  and  expori 
mental  validation.  The  (iroblems  involve  structural 
response  and  arxiustic  radiation  He  showed  program 
development,  analytical  models,  and  scale  test  mod 
els.  Statistical  energy  analysis  was  used  for  high  fre- 
quency vibration  and  modal  analysis  for  low  fre 
quency  The  analysis  was  condur  ted  in  one  third 
octave  bandwidths  Testing  of  the  OV  101  model  will 
be  conducted  at  the  Palmdale,  California  trrst  facility 
followrxf  by  a se(,ond  test  at  Fdwards  Air  Force 
Base  using  F104  aircraft  as  the  noise  source  Dr 
Wilby  showed  the  microirhorte  and  acrelerometer 
lest  locations  The  payload  modtrling  was  fiarticularly 
interesting  for  this  test  program.  Current  and  future 
work  on  this  program  was  discussed  by  Or  Wilby 

The  Technical  Program 

The  technical  program  cxintained  tire  tollowinu 


formal  sessions  Vibration  and  Arxrustics,  Blast  and 
Shock,  Modal  and  Impedance  Analysis,  Human 
Br.'Stronsi?  to  Vibration  and  Sfiock,  Isolation  and 
Damping,  Oynamit  Analysis.  Structure  Merdium  Inter 
action,  and  Case  Studies  in  Dynamics 

In  tlie  session  on  vibration  and  arJJUstics,  papc'rs 
were  (riesentrrd  on  fatigue,  signature  analysis,  shaker 
waveform  cxrntrol,  coherenrx  functions  and  cavity 
noise  phenomena  and  its  measurement  The  topic 
c'f  blast  aixf  shock  was  einuuntered  in  a session 
involving  pyrotechnic  shock  siniulaticrn,  snaps  in 
structures,  blast  from  tiursting,  frangible  pressure 
stihiires,  wave  propagation  in  structures,  and  shock 
buffering  for  hydrodynamic  rams  In  the  area  of 
modal  and  imiredance  analysis,  pafrers  on  low  fre 
quenc'y  environments,  flight  vehicle  vibration  mode 
niodifit  ation,  excitation  of  princifial  rrxrdes,  deter- 
mination of  dominant  nwdes  in  a structure,  and 
combination  of  modal  responsers  and  shock  spoi:tra 
were  [ireserrted  A special  sirssion  on  human  response 
to  vibration  and  shock  was  ariangtrd  for  the  Sympo 
siuin  by  Dr  John  C Giugnard  of  the  Naval  Aerospace 
Mtxfical  Research  Laboratory  Detachment 

The  opening  paper  on  (iroblems  and  progress  in 
biodyiiamics  was  given  by  Dr.  H E.  Von  Gierke  of 
Wright-Patterson  AFB  Other  (lapers  cxintainc'd  in 
this  excellent  session  concerned  musculoskeletal 
responsi!  to  impact  loading,  human  response  to  im 
(lact,  whole  body  vibration  of  heavy  equipment 
o(ieiators,  vibration  characteristics  of  the  hand, 
vehicle  ride  quality,  and  criteria.  A session  on  isola- 
tion and  damfiing  contained  (lapers  on  ixjmputer 
aided  design  on  (lassive  vibration  isolators  for  electro 
o()tiral  systems,  plate  transmissibilily , liquid  spring 
modeling  and  system  identification,  slip  dangnng  in 
tuibine  blades,  elastomer  damping,  and  measurement 
of  material  damping  behavior 

In  the  area  of  dynamic  analysis,  a session  was  rxrn 
ducted  which  contained  papers  on  fluid  transients, 
nonlineai  system  resfionse,  random  time  domain 
analysis,  shock  spectra,  explosively  propelled  plates, 
and  dynamically  loiided  linear  visarelastic  structures 
Strurture  medium  interaction  topics  were  discussed 
in  a Slier  la I sessitm  which  rxintainird  papers  on  fluid 
strurture  interaction  calculations  considering  long 
wave  length  effects,  simplified  shock  design  of 
underground  structunrs,  blast  loading  of  underground 
roncrete  structuies,  to<rds  on  buned  structures,  and 


SO 


opt(fTii.^alion  of  reinfutced  conoretu  slabs  An  inlet- 

cslinq  session  involving  ease  studies  in  dynamics  ' 

involved  papers  on  system  fatigue  in  hydrofoil  I 

operation,  rotor-bearing  system  dynamic  resjjonse 

to  unbalance,  dynamic  characteristics  of  a turbine 

generator  on  its  low  tuned  foundation,  and  ride 

quality  in  tractor  trailers 

Papers  presented  at  the  Symposium  will  be  reviewed 
for  quality  of  technical  content  and  presentation 
and  published  in  the  49th  Shock  and  Vibration 
Bulletin,  which  will  be  available  from  the  SVIC. 


RLE 


STANDARDS  REVIEW 


AMKRU.AN  NATION  AL  STANDARDS  INSTITLTK 
(XIMMITTUK  S2  • A ibralioii  and  Sh«M'k 

The  sermjnniial  meeting  ot  ANSI  S*?  was  held  al  the 
49th  Shock  atui  Vilttation  Svint'osuiiii  on  Octohei 
19.  1978  m Washington  Itie  activities  ot  the  various 
working  groups  are  reviewed  helow 

S2S1/S2  68 

Calibration  Methods  for  Shock  and  Vibration  Pickups 

Since  both  coniinittees  weie  inactive  a riew  working 
group,  S2'81.  "Use  and  Calibration  ot  Vibiation  and 
Shock  Measuring  Instruments"  was  torrned  under 
the  chainrianship  of  M R Seroyn  of  the  National 
Bureau  of  Standards  Mr  Serbvn  is  in  the  process 
of  consolidation  of  tasks  of  S2  b1/S2b8  arid  will 
bo  enlisting  new  rnembeis  and  develo()ing  a new 
scxtpe  of  activities  S2  81  will  be  involved  with  SC3 
of  ISO/TC108  specificallv  on  the  revision  ot  docu 
ments  on  the  calibiation  and  specifying  of  shock  and 
vibration  pick  ups  foi  shock  and  vibration  measure- 
ments 

S254 

A tmospheric  Blast  E fleets 

The  fourth  draft  of  a document  on  source  airblast 
description  for  single  point  explosions  in  air  with  a 
guide  to  evaluation  of  atmospheric  propagation  and 
effects  has  been  submitted  for  S2  ballot  Negative 
ballots  are  presently  being  reviewed  and  the  docu 
ment  is  being  processrrd  to  satisfy  negative  comments 
The  purpose  of  this  manual  is  to  provide  concensus 
quantitative  definitions  of  explosion  characteristics, 
effects  of  atmostrheric  propagation,  and  typical 
responses  to  explosion  waves 

S263 

Vibration  and  Shock  Isolators 

This  committee  is  currently  working  on  a revision 
of  ANSI  S2  8 1972  "Guide  for  Describing  the  Charac 
tensiics  of  Resilient  Mountings"  This  revision  is 
being  circulated  among  ANSI  conimittee  members 


and  SAL  committee  G b membeis  tor  review 

S265 

Balancing  Technology 


This  committee  has  several  documents  in  preparation 
tor  flexible  lotor  balancing  In  addition  a document 
on  rigid  rotor  balancing  is  under  levision  Comments 
on  S2119  197'),  "Balance  Quality  of  Rotating  Rigid 
Bodies"  should  be  foiwarded  to  S f-eldman  of  NKT 
tnginoeiing  Associates  This  committee  undei  the 
chairmanship  ot  Di.  Neville  Hiegei  lias  been  broken 
into  the  following  subcommittees 


Subcommittee 
Rigid  Rotors 
Flexible  Rotors 
Terminology 
General  Items 
Balancing  Machines  and 
Enclosures 


Chairman 

Feldman 

Riegei 

Stadelbauer 

Macxiel 

Stadelbauer 


S267 

Measurement  and  Evaluation  of  Vibration  and  Shock 
in  Land  Vehicles 

Dr  Karl  Hedrick,  the  new  chairman  is  in  the  piocess 
of  obtaining  new  members  and  a scope  ot  activity 

S2  72 

Vibration  Testing 

This  working  group  is  engaged  in  the  activities  of  the 
ISO/TC108  counterpart  Wg5  ISO/DP6070  an 
international  standard  for  auxiliary  tables  for  vibia 
tion  generators  is  at  the  first  draft  stage  ISO/DIS- 
5344,  "Electrodynamic  Tost  Equipment  foi  Goner 
ating  Vibration  Methods  tor  Describing  Equipment 
Characteristics"  is  in  its  final  stages  of  development 

S2  73 

Characterization  of  Damping  Materials 

A meeting  of  S2-73,  Damping  Propeities  and  Tech 
Cliques,  was  held  at  the  49th  Shock  and  Vibration 
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byniposiiiiii  A now  docunietn  on  nK.'asuroinont  and 
analysis  of  dainpinij  pioporlius  was  piosonted  at  ihis 
mootinq  This  dooiiniont  is  basod  on  work  porformed 
at  Wright  Palteison  U on  danipinrj  characteri/a 
tion  tochniguos  undor  the  dirrrotion  of  Dr  John 
Hondorson.  who  is  also  t hairinan  of  this  cornnnttee. 
Dr  DIG  Jonos  of  Wii<)ht  Patterson  APB  will  be 
the  coihairinan  of  fins  coniinittee  An  effort  is 
presently  tieing  made  to  mclnde  more  members  and 
to  .ooidinate  efforts  with  ASTM  Coniinittee  E33 
on  environmental  acoiistios 

S2  74 

Measurement  of  Mechanical  Mobility 

This  active  Committee  under  the  guidance  of  Dr 
Baade  is  working  on  a set  of  five  standards  covering 
the  various  asnects  of  niobility  The  first  of  the  five 
documents  on  terminolo()y  and  transducers  has 
been  concluded  Negative  voles  resulting  from  a 
recent  S2  ballot  have  brten  resolved  and  the  new 
dorurnent  is  being  pre|)ared  tor  (Hiblication 

S2  76 

Vibration  Levels  of  Machines 

Srrveral  rnachinory  vibration  standards  are  being 
developed  in  tl'is  working  grouti  under  the  direc- 
tion of  Paul  Maedel  A draft  standard  on  shaft  vibra- 
tion rneasurernenf  has  )i/st  bcHjn  completed  for  sub- 
mission to  the  ISO/TC108/SC2/Wg7  working  group 
meeting  in  Berlin  Negative  votes  are  being  resolved 
on  a proposed  ANSI  Standard  for  evaluation  of 
mechanical  vibration  of  machines  with  operating 
speeds  from  600-12,000  RPM  as  measured  on  struc- 
tural members.  This  group  has  classified  ntachine 
systems  aicording  to  vibrating  charar  teristics  in 
prejiaration  tor  the  development  of  a group  of  ro- 
tating mar  hinery  vibration  standards 

S2  77 

Vibration  Levels  of  Ships 

This  group  continues  to  brr  very  active  at  the  inter- 
national It'vel  - develoiung  standards  tor  measure 
inent  and  evaluation  ol  shgiboard  vibration  Specific 
documents  involve  a code  for  the  mirasiirement  and 
reporting  of  shipboard  vibration  data,  rode  for  the 
niensiirernent  and  reporting  of  shipboard  local  vi 
Irration  data,  and  interim  guidelines  lor  the  I'valua- 
tinn  of  vibration  in  merchant  shi|)s 


INTKRNATIONAL  STANDARDS  ORGANIZATION 
CO.MMITTEE  TG108  - Mechanical  Vibration 
and  Sliock 

Meetinrjs  of  ISO/TC108,  its  subcommittees  and  work 
ing  groups,  were  held  in  1978  The  eighth  plenary 
meeting  of  I SO/TCI  08  was  held  on  25  September 
and  4 October,  1978  in  Berlin  (German  Federal 
Republic)  Twenty  seven  delegates  representing  ele- 
ven countries  were  in  attendance  at  the  meetings. 
During  the  same  period  of  time  meetings  were  held 
by  ISO/TC 108  Subcommittee  1 Balancing,  Including 
Balancing  Machines,  Subcommittee  2 Measurement 
and  Evaluation  of  Mechanical  Vibration  and  Shock 
as  Applied  to  Machines,  Vehicles,  and  Structures, 
and  Subcommittee  3 Use  and  Calibration  of  Vibra- 
tion and  Shock  Measuring  Instruments.  In  addition, 
ISO/TC108  Working  Groups  1 (Terminology), 
4 (Vibration  Testing  Equipment),  5 (Vibration  and 
Shock  Isolators),  8 (Methods  of  Analyiting  and 
Presenting  Vibration  and  Shock  Data),  and  11  (Ana- 
lytical Methods  for  Assessing  the  Shock  Resistance 
of  Mechanical  Systems)  held  meetings  in  Berlin. 
ISO/TC108  Subcommittee  4,  Human  Exposure  to 
Mechanical  Vibration  and  Shock,  held  its  meeting 
on  September  1113,  1978,  in  Czechoslovakia. 

TCI  08  appointed  an  ad  hoc  group  to  explore  the 
following  areas  related  to  mechanical  mobility 

• Definition  of  terms 

• Mobility  measurements 

• Analog  and  digital  analysis 

• Methods  for  parameter  identification 

• Presentation  of  mobility  data 

• Aiiplication  to  modal  analysis 

• Application  to  design 

The  title  of  TC108/Wg5  was  affirmed  as  "Vibration 
and  Shock  Isolators"  with  its  original  scope  This 
limits  the  work  ot  TC108/Wg5  to  the  deyelopment 
of  standards  concerned  with  the  materials,  perfor- 
mance, characteiistics  and  methods  tor  testing  vibra- 
tion and  shock  isolators  An  ad-hoc  group  A was 
apftointed  to  prepare  a statement  lor  a program  of 
work  entitled  "Damping  in  Mechanical  Systems" 
wliith  would  include  the  development  of  standards 
related  to  the  use  of  damping  in  vibration  systems, 
the  methods  for  rharacteri/ing  damping  and  eval 
iiating  the  profterties  ot  damping  materials  and  damp- 
ing in  mechanical  systems,  and  the  application  of 
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national  Slandaid  concoiniK)  ISO/ICIOH  shall 
moniloi  all  Orall  Proposals  .ind  Uiall  Inloinalional 
Sl.tnd.ifds  ol  the  ISO  and  ollioi  ofiiani.  alions  with 
which  il  maintains  liaison  and  bnnii  to  iho  atlonlion 
ol  Iho  ISO  Coniral  Sociolaiial  any  documoni  which 
ix)nlluls  with  sc.opo  ol  woik  and  issued  slandaids 
ot  ISO/TCI08 


IClOH  null'd  Iho  ai i.opinni.o  of  0IM8IS/  on  Moasuio 
moni  .ind  Roporlinii  ol  Shipboaid  Vltualion  Data 
as  amondoil  and  DPitHfiB  on  Mcasuicmi'ni  and  ( valua 
lion  ot  Shipboaid  local  Vibiation  Data  Ihooditod 
dociimonts  shall  bo  i|ivon  via  1(008  Sociolaiial  lo 
Iho  ISO  Coniral  Sociotarlal  lor  piibliration  as  DIS 
rClOH  anioi'd  that  doi'umoni  108/2N19  rovisod  on 
Inlorim  Guidolinos  lor  Iho  f v.ilualion  and  Vibration 
in  Mon  barn  Ships  shall  bo  submillod  as  a Drali 
Piopos,il  simullanoously  lo  S('?  and  lo  1C108  lor 
vole  Chaniios  in  ibis  dot  iimonl  may  lie  locommondisl 
by  Iho  rC108  Socroiaiial  Sloonmi  Commiltoo  loi 
SC?  .ind  SCil 


ICI08  noliy)  iho  rosoliilions  ol  Iho  S(-'4  inrclinq 
hi'lrl  in  Soplombor  19/8  in  (iollwaldow  (CSSR) 


doc  SC4N8/),  in  particulai  it  noted  Resolution  No. 
1 which  it  adopted  as  follows  TC108  noted  that 
after  review  of  cximments  the  oilited  version  ol 
Arnendmonis  of  IS02631  (doc  108/4N66I  will 
be  submitted  lo  the  ISO  Central  Secretarial  for 
publication  as  a draft  amendment  lo  ISO  2631 
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ANALYSIS  AND  DESIGN 


ANALYTICAL  METHODS 

(Also  see  No.  43) 


79-1 

Reararrh  Method  of  the  Ligeiunodea  and  Generalized 
Elemenla  of  a Linear  Mechanical  Structure 

R Filled  and  J Piranda 

Laboratoire  de  Mecanique  Appliqu^,  associe  au 
C.N.R.S.,  Besancon,  France,  Shock  Vib.  Bull.,  U S. 
Naval  Res.  Lab  , Proc.,  Vol.  48,  Pt.  3,  pp  5-12  (Sept 
1978)  5 figs,  10  refs 

Key  Words:  Natural  frequencies.  Normal  modes.  Linear 
systems 

The  determination  of  the  eigenfrequencies,  eigenmodes  and 
generalized  elements  of  a structure  is  fundamental  in  the 
study  of  its  dynamic  behavior  (e.g.  fluttering  of  planes). 
Of  all  the  methods  tested,  those  based  on  the  appropriation 
of  modes  seem  to  give  the  most  accurate  results.  The  method 
presented  in  this  paper  is  based  on  the  appropriation  method 
arxf  permits  determination  of  the  eigenvectors  and  general- 
ized elements  directly  by  calculus  from  the  forced  responses 
to  a given  frequency. 


79-2 

Time  Delay  Bias  Errors  in  Estimating  Frequency 
Response  and  Coherence  Functions 

A F.  Seybert  and  J F Hamilton 
Dept  of  Mech.  Engrg.,  Univ.  of  Kentucky,  Lexing- 
ton, KY  40506,  J Sound  Vib.,^  (1),  pp  1-9  (Sept 
8,  1978)  5 figs,  11  refs 

Key  Words:  Error  analysis.  Signal  processing  techniques. 
Time-dependent  parameters 

This  paper  discusses  the  probiem  of  bias  errors  introduced 
when  frequency  response  and  coherence  functions  are 
estimated  for  systems  in  which  a time  delay  is  present. 
Theory  is  developed  showing  the  dependence  of  the  bias 
errors  on  the  time  delay,  the  bandwidth  and  the  length  of 
the  sample  record  of  the  input/output  processes.  Two  ex- 
periments were  designed  to  check  the  theory.  In  one  ex- 
periment a loudspeaker,  driven  by  white  noise,  and  a micro- 
phone were  used.  In  a second  experiment  a tape  recorder 


was  used  with  a fixed  spacing  between  the  record/playback 
heads  to  introduce  a time  delay.  For  both  experiments, 
comparison  with  theory  was  good. 


79-3 

An  Algurilhiii  for  the  Multivariate  Spectral  Analyxia 
of  Linear  Syateins 

I M Romberg 

Engrg.  Res  Div  , Australiun  Atomic  Energy  Commis 
Sion  Res.  Estdblishinent,  Lucas  Heights,  Now  South 
Wales  2232,  Australia,  J Sound  Vib  ,^(3),  pp  395 
404  (Aug  8,  1978)  5 tigs,  10  refs 

Key  Words:  Spectrum  analysis.  Linear  systems.  Algorithms 

A computational  algorithm  is  presented  for  the  multivariate 
spectrai  analysis  of  linear  systems.  A review  is  giveii  of 
traditional  formulations  for  the  partial  spectral  density, 
transfer  and  coherence  functions.  They  are  more  efficiently 
evaluated  by  manipulating  the  system  spectral  (augmented) 
matrix  with  a simple  recurrence  equation.  The  computational 
procedures  for  performing  the  relevant  calculations  are  dis- 
cussed in  detail,  and  to  demonstrate  the  advantages  of  the 
present  method  the  two-phase  flow  stability  of  a heated 
channel  is  identified  from  hydrodynamic  and  vibration 
measurements. 


794 

Development  of  a Finite  Dynamic  Element  for  Free 
Vibration  Analysis  of  Two-Dimensional  Structures 

K.K.  Gupta 

Jet  Propulsion  Lab.,  California  Inst,  of  Tech  , Pasa 
dena,  CA,  Inti.  J.  Numer.  Methods  Engr  , 1^  (8), 
pp  1 31 1-1 327  (1978)  4 figs,  1 table,  7 refs 

Key  Words:  Free  vibration.  Finite  element  technique 

The  paper  develops  an  efficient  free-vibration  analysis  pro- 
cedure of  two-dimensional  structures.  This  is  achieved  by 
employing  a discretization  technique  based  on  a recently 
developed  concept  of  finite  dynamic  elements,  involving 
higher  order  dynamic  correction  terms  in  the  associated 
stiffness  and  inertia  matrices.  A plane  rectangular  dynamic 
element  is  developed  in  detail.  Numerical  solution  results 
of  free-vibration  analysis  presented  herein  clearly  indicate 
that  these  dynamic  elements  combined  with  a suitable 
quadratic  matrix  eigenproblem  solution  technique  effect 
a most  economical  and  efficient  solution  for  such  an  analy- 
sis when  compared  with  the  usual  finite  element  method. 
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79-5 

The  K-Quotienl 

A B Ku 

Do()l  ol  Civil  Eni)ii)  , Univ  ot  Delioit,  Dt'troit,  Ml 
48221,  J Soiinii  Vib  , ^ (D.  PP  63  69  (Sept  8, 
1978)  4 tables,  7 rets 

Key  Words:  Eigenviaue  problems 

The  Rayleigh  Quotient  and  a recently  proposed  Timoshenko 
Quotient  are  upper  bounds  to  the  fuf>damental  eigenvalue 
of  a discrete  dynamic  system.  In  the  present  paper,  a new 
quotient  is  presented.  This  quotient  does  not  require  the 
closeness  of  the  trial  vector  to  the  eigenmode  arxJ  its  ac- 
curacy is  improvable  by  raising  the  numerical  value  of  the 
parameter  p. 


OPTIMIZATION  TECHNIQUES 


79-6 

Optimality  Criterion  Techniquea  Applied  to  Mechani- 
cal Desifin 

M R Khan,  W A.  Thornton,  and  K 0.  Willmert 
Clarkson  College  ol  Technology,  Potsdam,  NY,  J. 
Mech,  Des.,  Trans  ASME,  100  (2),  PP  319-327 
(Apr  1978)  8 figs,  9 tables,  22  refs 

Key  Words:  Optimijation,  Minimum  weight  design.  Natural 
frequencies 

Presented  are  two  optimality  criterion  techniques  for  the 
minimum  weight  design  of  mechanical  and  structural  sys- 
tems subject  to  limitations  on  stresses  and  natural  frequen- 
cies. The  results,  based  on  their  application  to  several  exam- 
ples. are  compared  with  those  obtained  by  other  researchers 
and  with  standard  nonlinear  mathematical  programming 
techniques,  as  well  as  with  a special  linear  approach. 


FINITE  ELEMENT  MODELING 

IScii  No  121) 


MODELING 


79-7 

Adjualmrnl  of  a ('.tmacryalivc  Non  (lyroacopic 
Malhcnialical  Model  from  MeaauremenI 

L Biigoat.  R Tillcxf,  G Lallomtint,  jnd  .1  Piranda 
1 HtHJraloire  do  Mi'ianiqiio  Apiillqueti,  associc  au 


C N R S , f acolto  des  Sciences  de  Besaniwn,  France, 
Shock  Vib  Bull.,  U S Naval  Res.  Lab.,  Proc.,  Vol. 
48,  Pt.  3,  pp  71  81  (Sept  1978)  5 refs 

Key  Words:  Mathematical  models.  Parameter  identification 
technique 

A method  of  calculating  the  modifications  of  a discrete, 
conservative  model,  which  enables  one  to  reduce  the  distance 
between  its  dynamic  behavior  and  the  one  identified  on 
the  physical  structure  is  presented.  An  initial  approximate 
model  is  known  and  results  from  a discretization  "a  priori" 
for  example  by  finite  element  method.  The  results  of  a 
numerical  simulation  are  presented. 


79-8 

Laguerre  Function  KepreaenUtion  of  TrannenU 

G.R.  Spalding 

Wright  Slate  University.  Dayton,  OH.  Shock  Vib. 
Bull.,  U S.  Naval  Res.  Lab.,  Proc.,  Vol.  48,  Pt.  1, 
pp  137-141  {Sept  1978)  4 figs,  4 refs 

Key  Words:  Dynamic  response.  Damped  structures.  Mathe- 
matical models 

This  paper  discusses  Laguerre  functions  and  their  use  in 
modeling  the  dynamic  resporse  of  highly  damped  systems. 
Laguerre  functions  of  varying  time  constant  are  generated 
from  the  Laguerre  polynomials.  By  sampling  at  the  axis 
crossings  of  the  nth  order  Laguerre  polynomial,  system  re- 
sponse can  be  represented  by  a finite  set  of  orthonormal 
vectors.  These  vectors  provide  both  a representation  that  is 
exact  at  the  measurement  points  and  interpolation  functions 
that  can  be  suited  to  the  application. 


PARAMETER  IDENTIFICATION 


79-9 

Frequency  Domain  Structural  Parameter  Fstimation 

W.F.  Kriogtn 

Ph  D Thesis,  Purdue  Univ.,  180  pp  (1977) 

UM  7813076 

Key  Words;  Frequency  domain.  Parameter  identification 
technique 

A new  methodology  for  estimating  structural  parameters 
recursively  in  the  frequency  domain  is  developed.  Maximum 
likelihood  and  Bayesinn  estimates  are  obtained,  as  are  the 
appropriate  confidence  regions.  A computer  simulation 
example  is  carried  out  so  that  the  performarKc  of  the  new 
methodology  can  be  evaluated. 
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79. 10 

Mrchanical  System  Identification  and  Decomposition 
by  Dynamic  Data  System  Methodolo|ry 

E Garcia  GatdtM 

PhD  Thesis,  The  Univ  of  Wisconsin  Madison  2b4 
PP  (1978) 

UM  7811722 

Key  Words:  System  identification  technique,  Dynamic  data 
system  technique.  Stochastic  processes 

The  identification  of  mechanical  systems  is  necessary  in 
order  to  better  anaty^e  and  control  the  system's  behavior. 
Existing  identification  approaches  either  involve  postulating 
a mathematical  model  based  on  first  principles  or  employ 
experimental  techniques  such  as  frequency  response  having 
both  advantages  and  disadvantages.  This  thesis  uses  a new 
approach  called  Dynamic  Data  System  (DDS)  methodology 
for  mechanical  system  identification  and  decomposition. 
The  DDS  methodology  considers  the  stochastic  nature  of 
operational  data  and  develops  physically  meaningful  stoch- 
astic difference/differential  equations. 


DESIGN  INFORMATION 


79-11 

Knpne^nn|r  DcnKn  Handbook  ('omputer  Aided 
DeM|^  of  Mechanical  Syatems.  Part  Two 

E J Haug  and  J.S  Arora 

Army  Materiel  Development  and  Readiness  Com 
mand,  Alexandria,  VA,  Rept  No  DARCOM  P, 
706-193,  538  PP  (St>pt  1977) 

AD  A055  008/7GA 

Key  Words:  Design  techniques.  Computer-aided  techniques. 
Mechanical  systems.  Manuals  and  handbooks 

This  handbook  consists  of  in-depth  treatments  of  several 
specific  classes  of  design  problems,  employing  and  advancing 
the  theoretical  development  and  initial  structural  applica- 
tions of  AMCP  706-192.  The  approach  taken  is  to  treat 
problems  that  fall  in  fields  such  as  fail  safe  structural  design, 
structural  dynamics  optimization,  contact  analysis  and 
design,  and  vehicle  suspension  design  in  enough  depth  that 
advanced  system  designers  can  follow  through  a relatively 
realistic  design  problem.  It  is  hoped  that  this  set  of  exam- 
ples also  will  motivate  accelerated  application  of  techniques 
for  mechanical  design  optimization. 


SURVEYS  AND  BIBLIOGRAPHIES 


79.12 

Graali worthiness  of  Motor  Vehicles.  A Subject  Biblio- 
f^raphy  from  Highway  Safety  Lih^rature 

L Elynn 

Technical  Services  Div.,  National  Highway  Traffic 
Safety  Admin.,  Washington,  D C , Rept.  No.  DOT 
MS803  241.211  PP  (Mar  1978) 

PB281  71G/1GA 

Key  Words:  Bibliography.  Collision  research  (automotive) 

The  bibliography  represents  literature  acquired  since  the 
establishment  of  the  National  Highway  Traffic  Safety  Ad- 
ministration (NHTSA)  as  related  to  the  crashworthiness 
of  motor  vehicles.  It  is  comprised  of  NHTSA  contract  re- 
ports. reports  of  other  organizations  concerned  with  high- 
way safety,  and  articles  from  periodicals  in  related  fields. 


Soil  Stniclurr  Interactions  (A  Bibliof^raphy  with 
Abstracts) 

Cl  t Hjbercom,  Jr. 

NtttioMdl  Tochnicdl  Informulion  Service,  Springfield, 
VA.  1 IGpp  (July  1978) 

NTIS/PS  78/07 17/5GA 

Key  Words:  Bibliographies.  Interaction:  soil-structure. 

Tunnels.  Pipes  (tubes).  Pile  structures.  Hardened  installa- 
tions 

Interactions  resulting  from  loads  exerted  on  soils  and  struc- 
tures are  reviewed.  Such  diversified  structures  as  tunnels, 
conduits,  pipes,  piles,  hardened  installations,  and  plow 
blades  are  covered.  Loads  resulting  from  nuclear  explosions 
as  well  as  physical  loads  are  investigated.  Earthquake  con- 
tributing loads  are  excluded. 


MODAL  ANALYSIS  AND  SYNTHESIS 

(Also  sw  Nos.  78,  79,  80,  104) 


79-14 

lA>ad  Tninsfumialion  Urvelopnirnl  ('.onsiMml  with 
Modal  Syntheidii  Trrhniqiip!) 

R F Hroda  and  P.J  Jones 

Martin  Marietta  Corp.,  Denver,  CO,  Shoek  Vib, 
Bull,,  U,S  Naval  Res  Lab,,  Proc,,  Vol,  48,  Pt,  1, 
PP  103  109  (Sept  1978)  6 tigs.  1 table,  1 rel 

Key  Words:  Modal  syrxhesis 
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A method  is  presented  for  the  development  of  component 
internal  load  transformations  consistent  with  modal  syn- 
thesis procedures.  The  resulting  load  transformations  account 
for  component  interactions  across  staticafly  indeterminate 
interfaces.  A unique  approach  of  obtaining  these  transfor- 
mations  is  presented  which,  for  large  systems,  would  be 
economical.  Further,  a modified  modal  coupling  procedure 
is  employed  which  offers  advantages  over  previous  tech- 
niques. 


791 5 

Reduced  System  Models  ('sin^  Modal  Oscillators  for 
Subsystems  (Rationally  Nonnalized  Modes) 

R H Wolff  and  A J Molnar 

Westinqhouse  R&D  Center,  Pittsburgh,  PA  15235. 
Shock  Vib  Bull.,  U S.  Naval  Res  Lab  . Proc..  Vol 
48.  Pt  1.  pp  in  118  (Sept  1978)  6 figs,  4 refs 

Key  Words;  Modal  models.  Mathematical  models 

This  paper  develops  a method  of  using  modal  oscillators 
to  represent  complex  structural  subcomponents  which  can 
be  applied  to  unidirectional  models. 


7916 

A Building  Block  Approach  to  the  Dynamic  Behavior 
of  Complex  Structures  Csinf;  f^perimental  and 
Analytical  Modal  Modeling  Techniques 

J C Cromer.  M Lalanne.  D.  Bonnecase,  and  L 
Gaudriot 

Institut  National  des  Sciences  Appliquees,  Villeur- 
banno,  France,  Shock  Vib.  Bull  , U S.  Naval  Ros. 
l.ab.,  Proc.,  Vol.  48,  Pt  1,  pp  77-91  {Sept  1978) 
14  figs,  4 tables,  27  refs 

Key  Words;  Modal  models.  Building  block  approach 

In  the  case  of  complex  structures  whose  equations  of  motion 
cannot  be  obtained  directly,  even  by  finite  element  techni- 
ques, it  may  be  possible  to  get  their  potential  and  kinetic 
energies  from  experiments.  A building  block  approach  taking 
into  account  constrained  or  unconstrained  substructures  is 
used.  Components  whose  properties  are  determined  by 
experiments  are  connected  to  those  modeled  by  finite  ele- 
ment techniques.  In  connection  with  theoretical  formula- 
tions, experimental  devices  and  procedures  are  presented. 
A new  transfer  function  analyser  system  has  been  used.  The 
constrained  ar>d  unconstrained  modal  methods  are  applied 
first  to  a beam  in  bending  in  order  to  point  out  the  ex- 
perimental aspects  of  these  techniques.  The  methods  are  then 
applied  to  a complex  practical  structure  and  agreement 
between  experimental  and  theoretical  results  is  shown  to 
be  good. 


COMPUTER  PROGRAMS 


GENERAL 

(Also  see  Nos  84,  123) 


79-17 

Stiflnegg  and  Flexibility  FUenienI  lor  SAP4 

D W.  Coats 

Lawrence  Livermore  Lab..  Calitornia  Univ.,  Liver- 
more, CA,  Rept  No.  UCID  17654,  7 pp  (Oct  27, 
1977) 

N78  25471 

Key  Words:  SAP  (computer  program).  Stiffness  methods. 
Flexibility  methods 

A stiffness  and  flexibility  element  was  added  to  the  SAP4 
program.  Direct  input  of  a member  stiffness  or  member 
flexibility  matrix  is  now  possible.  This  element  is  used  to 
reduce  significantly  the  number  of  degrees  of  freedom 
in  a large  mathematical  model  by  presenting  a portion  or 
portions  of  the  structure  with  one  or  more  of  these  ele- 
ments. 


79-18 

A Sourer  of  Large  Kirors  in  Calculating  Sysirtn 
Frequencieg 

R.M.  Mains 

Dept,  of  Civil  Enqrg.,  Washington  Univ.,  St.  Louis, 
MO,  Shock  Vib  Bull.,  U S.  Naval  Res.  Lab.,  Proc.. 
Vol.  48,  Pt.  3,  pp  1-4  (Sept  1978)  1 fig,  3 tables 

Key  Words:  Error  analysis.  Computer  programs.  Natural 
frequencies 

Attention  is  called  to  errors  in  system  frequency  calculations 
resulting  from  the  use  of  nondiagonal  mass  matrices  with 
eigenvalue  routines  that  replace  the  mass  matrix  with  its 
eigenvalues  before  proceeding  to  the  calculation  of  system 
frequencies.  The  errors  are  illustrated  in  several  different 
solutions  of  an  18  degree-of  freedom  system.  How  to  avoid 
these  errors  is  presented. 


79-19 

llrlicoptrr  Tranmiiuiion  Vibration  and  Noiar  Rr- 
durtion  Program.  Volume  II.  Ciier'g  Manual 

J.J  Sciarra,  R.W  Howells,  .1 W Lenski,  Jr.,  anii 
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H .J.  Drago 

Boeing  Verto!  Co.,  PhikKielphia,  PA.  Rept  No 
0210-11236-2.  USARTL  TR  78  2B.  431  pp  (Mar 
1978) 

AD  A0b4  827/1 GA 

Key  Ware's:  Computer  programs.  Manuals  artd  har>dbooks. 
Power  transmission  systems.  Helicopter  engines.  Vibration 
control.  Noise  reduction 

The  objective  of  the  Helicopter  Transmission  Vibration/ 
Noise  Reduction  Program  was  to  generate  analytical  tool! 
for  the  prediction  and  reduction  of  helicopter  transmission 
vibration/noise  that  provide  the  capability  to  perform  trade 
studies  during  the  design  stage  of  a program.  The  work 
conducted  urufer  this  program  is  highly  computer'oriented 
and  makes  extensive  use  of  several  computer  programs  as 
indicated  in  the  technical  report  {Volume  1 ).  This  User's 
Manual  describes  these  computer  programs,  presents  ration- 
ale for  their  use,  artd  discusses  their  application. 


7920 

A Compact  Computer  Profrram  for  Calculating 
Buckling  Stresses  and  Natural  Frequencies  of  Vibra- 
tion of  Prianatic  Plate  Assemblies 

F.W  Williams  and  C.J.  Wright 

Dept  of  Civil  Engrg  and  Bldg.  Tech.,  UWIST,  Car 
diff,  UK,  Inti.  J Numer.  Methods  Engr.,  }2_  (9), 
PP  1429-1456  (1978)  6 figs,  1 table,  8 refs 

Key  Words:  Computer  programs.  Plates.  Natural  frequencies 

Low  cost  and  irKreasing  capability  favor  the  use  of  mini- 
computers as  design  tools.  The  336  statement  Fortran 
program  which  is  listed  and  explained  was  developed  to  use 
such  small  computers  efficiently.  It  calculates  the  buckling 
stresses,  or  the  natural  frequencies  of  vibration,  of  prismatic 
assemblies  of  longitudinally  compressed  isotropic  plates. 


79-21 

A Digital  Computer  Program  for  the  Dynamic  Inter- 
action Simulation  of  Controls  and  Structure  (DIS- 
COS). Volume  1 

C S Bodley,  A D.  Devers,  A C Park,  and  H P.  Frisch 
Goddard  Space  Flight  Center,  NASA,  Greenbelt,  MD, 
Rept  No.  NASA  TP1219  VOI-1.  G7702  F26-Vol-l . 
169  pp  (May  1978) 

N78  25123 

Key  Words:  Computer  programs,  Digital  techniques.  Space- 
craft. Attitude  control  systems 


A theoretical  development  and  associated  digital  computer 
program  system  for  the  dynamic  simulation  and  stability 
analysis  of  passive  artd  actively  controlled  spacecraft  are 
presented.  The  dynamic  system  (spacecraft)  is  modeled 
as  an  assembly  of  rigid  and/or  flexible  bodies  not  neces- 
sarily in  a topological  tree  configuration.  The  computer 
program  system  is  used  to  investigate  total  system  dynamic 
characteristics,  including  interaction  effects  between  rigid 
and/or  flexible  bodies,  control  systems,  and  a wide  range 
of  environmental  loadings.  In  addition,  the  program  system 
is  used  for  designing  attitude  control  systems  and  for  eval- 
uating total  dynamic  system  performance,  including  time 
domain  response  and  frequency  domain  stability  analyses. 


ENVIRONMENTS 


ACOUSTIC 

(Also  see  Nos.  62.  73,  77,  146,  147,  160) 


79-22 

Mirror  linaj’e  Method  of  Analyzinj;  the  Combined 
Effect  of  Barriers  and  Absorbing  Surfaces  in  Indus- 
trial Interiors  and  Apartments 

S.  C/arnecIci 

Inst  ot  Fundamental  Technological  Res  , Polish 
Academy  of  Sciences,  Swietokrzyska  21,  00049 
Warsaw,  Poland,  Noise  Control  Engr,,  _1J_  (1 ),  pp  18- 
30  (July/Aug  1978)  12  figs,  13  refs 

Key  Words:  Noise  barriers.  Industrial  facilities 

The  effectiveness  of  barriers  in  the  interiors  of  irtdustrial 
buildings  is  generally  very  low  because  of  the  influence  of 
reflected  waves.  The  author  discusses  the  advantage  of  using 
both  barriers  and  absorbing  belts  placed  over  the  barriers 
and  presents  the  calculation  method  and  measurements  with 
models  as  well  as  real,  full-scale  situations. 


79-23 

Single  Screen  Noise  Barrier 

R N Foss 

Apfilied  Physics  Lab.,  1013  N E,  Fortieth  St.,  Seattle, 
WA  98105,  Noise  Control  tngr.,  1_1_  (1),  pp  40  44 
(July/Aug  1978)  10  figs,  3 refs 

Key  Words:  Noise  barriers,  Sound  transmission 
A series  of  experimental  measurements  was  conducted  to 
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determine  the  effect  of  barrier  screens  on  the  transmission 
of  sourxi  from  a point  source.  Procedures  and  results  of 
this  research  are  analv^ed. 


79-24 

Roadside  Barrier  Kffectiveness,  Noise  MeasuremenI 
Pro|rrani 

E J Rickley,  U Ingard.  Y C Cho.  and  R.W  Quinn 
Transfiortation  Sysienis  Ctr  . Cambndgt?,  MA,  Rcpt 
No  DOT  TSC  NHTSA  78-24.  DOT  HS-803  289. 
2<0pp  (Apr  1978) 

PB-282  04b/4GA 

Key  Words:  Noise  barriers.  Acoustic  linings.  Noise  measure- 
ment 

A field  noise  measurement  program  was  conducted  to  assess 
the  performarKe  of  a variable  height  highway  noise  barrier 
with  and  without  an  acoustic  lining  material.  The  barrier 
site  on  Interstate  1-93  in  Andover  MA  was  located  adiacent 
to  an  acoustically  similar  unobstructed  site.  The  noise  emis- 
sions from  a common  stream  of  vehicular  traffic  were  mea- 
sured at  both  sites  simultaneously  ar>d  compared  to  evaluate 
the  performance  of  the  barrier.  A tOOO-foot-long  barrier  at 
effective  heights  of  2.8.  6.8.  10.8  and  14.8  feet  was  mea- 
sured and  evaluated.  Included  in  the  report  is  the  statistical 
noise  data  from  fourteen  measuring  systems  for  each  barrier 
configuration  along  with  spectral  data,  traffic  information 
arKi  meteorological  conditions. 


79-25 

Self-Excited  Depth-Mode  Resonance  for  a Wall- 
Mounted  Cavity  in  Turbulent  F low 

S A Elder 

Physics  Dept.,  US  Naval  Academy,  Annaiiolis. 
MD  21402.  J Acoust.  Soc.  Anter.,  54  (31.  p|i  877 
890  (Sept  1978)  16  figs,  3 tables,  52  refs 

Key  Words.  Helmholtz  resonators 

Experimental  and  theoretical  results  are  presented  for  a wall- 
mounted  cavity  in  turbulent  flow,  OKillating  at  Helmholtz 
or  depth-mode  resonarKe.  where  the  mouth  dimensions  arc 
small  compared  with  acoustic  wavelength.  A new,  com- 
puterized, hot-wire  method  was  employed  to  investigate 
the  osctliaimg  flow  field  in  the  cavity  mouth.  Measured 
wavelength  of  the  interface  wave  agrees  well  with  predic- 
tions of  Michafke,  using  an  ectuivalent  laminar  flow  model 
based  on  the  oscillating  mean  velocity  profile.  By  means 
of  a forward  transfer  furKtion  derived  from  the  theoretical 
interface  wave  model  arKi  a backward  transfer  function  de- 
rived from  organ-pipe  theory,  a root  locus  solution  of  the 
frequency  lock-in  problem  has  been  obtained.  Predicted 


frequencies  and  sound  pressure  amplitudes  are  in  good 
agreement  with  experimental  values  at  the  lower  modes. 
Both  resonant  ar>d  off-resonant  oscillation  was  investigated. 


7'>-26 

A Note  on  Nonlinrar  Acoustir  Resonanrra  in  Rect- 
aii)!ular  Cavilira 

J.J.  Kellet 

Brown  Boven  Res  Centre,  CH  5405,  Baden,  Swit/et- 
land,  J.  Fluid  Mech.,^  (2),  pp  299-303  (July  26, 
1978)  1 Irg,  6re1s 

Key  Words:  Cavity  resotrators.  Acoustic  resonators 

The  problem  of  the  resonant  response  of  a gas  contained 
in  a two-dimensional  rectangular  cavity  to  periodic  (sinu- 
soidal) velocity  excitations  at  the  walls  of  the  cavity  it 
investigated.  It  is  found  that  is  some  neighborhood  of  each 
resonant  frequency  there  are  discontinuous  pressure  dis- 
turbances (shock  waves).  The  present  theory  is  an  exten- 
sion of  Chester's  theory  on  resonances  in  closed  tubes. 


79-27 

Subjeclivr  Loudness  of  Sonir-Boom;  N-Wave  and 
Mininii/.t-d  (Low-Botmi)  Sifinaturrs 

A Niod/wierki  and  H.S  Ribnei 
Toronto  Univ  , Onlario,  Canada,  Rept.  No  UTIAS- 
TN215,  CN  ISSN  0082  5263,  27  pp  (Nov  1977) 
N7B  24896 

Key  Words:  Sonic  boom.  Acoustic  properties 

A loudspeaker-dtiven  simulation  booth  with  extended  rise- 
time capability  (down  to  0.22  ms)  was  used  for  subjective 
loudness  tests  of  sonic  booms.  Test  series  1 compared  N- 
waves  over  a range  of  0.22  to  10  ms  rise  time,  1(X)  to  250 
ms  duration  and  0.5  to  2.0  pst  (20  to  96  N/sqm)  peak  over- 
pressure. Tradeoff  between  rise  time  and  overpressure  was 
measured  for  equal  loudness,  as  well  as  the  tradeoff  between 
duration  and  overpressure.  Test  series  2 compared  certain 
flat-top  sonic  boom  signatures  with  a referertce  N-wave 
(0.5  psf,  1 ms  rise  time.  150  ms  duration). 


79-28 

I ndei^valer  Aruuslir  Pruportu-.s  of  Coris-Rubbor 

H A ./.  Ri|n|,i 

)’hysi(:s  1 .lb  , RVO  TNO,  The  Hatjui'.  Nnthr'rlaixJs. 
Rept.  No  (’hL  1977  16.  TDCK-69188.  45  I'P  (A|H 
1977) 

N78  26885 
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Key  Words:  Underwater  sound.  Acoustic  absorption,  Rubber 


KdJiophysicdl  Ros  inst  . Gorky,  USSR.  Atuslicd, 
39  (b),  pp  298  306  (Apr  1978)  10  figs.  14  refs 


The  ability  of  cork-rubber  compounds  to  absorb  sound  under 
water  is  well  known,  but  generally  this  property  vanes 
strongly  with  hydrostatic  pressure.  A large  number  of  differ- 
ent compositions  was  investigated,  leading  to  the  discovery 
of  materials  superior  to  others  as  a sound  absorbing  material 
in  electroacoustic  transducers  for  deep  submergence. 


79-29 

TransiiMiuoii  Characterislicji  of  Sound  Pulae  Through 
Circular  Plate 

I Ndkayartid.  A Nakaitnira.  and  R,  lakouchi 
Inst  of  St'ientific  and  Industrial  Res.  Osaka  Univ  , 
Yamadakanii.  Suita,  Osaka  56b,  Japan.  Acustica, 
^(1).pp40  4b  (May  1978)  7 tigs.  7 refs 

Key  Words:  Sound  waves.  Hole-containing  media.  Plates 

Measurements  are  made  of  the  radiation  field  of  a single 
sound  pulse  through  a circular  aperture  in  a wall  and  also 
through  a thin  metal  plate  clamped  on  a baffle  when  the 
pulse  impinges  perpendicularly.  The  radiated  waveforms  are 
simulated  by  the  Fourier  transformation  under  the  assump- 
tion of  the  piston  motion  of  the  air  and  of  the  plate  at  the 
boundary.  The  insulation  characteristics  of  the  plate  for  a 
single  sound  pulse  in  the  far-field  arc  evaluated. 


79-30 

.\niplitude  - Dependent  Attenuation  of  .Acoustic 
Shock  Pulses  in  .Aluminum  Kod 

Y Yasumoto,  A.  Nakamura,  and  R Takeuchi 
Inst  of  Scientific  and  Industrial  Res  , Osaka  Univ., 
Osaka,  Japan,  Acusfica,  ^ (5),  pp  307-315  (Apr 
1978)  12  figs,  4 tables,  6 refs 

Key  Words:  Acoustic  absorption.  Shock  excitation.  Rods 

Experimental  study  is  made  of  the  attenuation  characteristic 
dependency  on  amplitude  of  acoustic  shock  pulses  propa- 
gatirtg  in  aluminum  rods.  Attenuation  constants  are  measured 
as  a function  of  che  peak  values  of  stress  and  strain  of  the 
shock  pulses  in  the  aluminum  rods  before  and  after  anneal- 
ing at  various  temperatures.  A discussion  is  given  of  the 
microscopical  and  macroscopical  hysteresis  loss  by  means 
of  the  stress-strain  relationship  for  shock  pulses. 


79-31 

Nonlinear  and  Paramcirto  Phenomena  in  Dispersive 
Acoustic  Systems 

L A Ostrovsky,  I A.  Soustovd,  and  A.M  Sutin 


Key  Words:  Acoustic  radiation.  Acoustic  properties.  Elastic 
waves.  Waveguide  analysis.  Resonators 

Some  results  of  the  theoretical  and  experimental  investiga- 
tions of  the  dispersion  nonlinear  acoustics  phenomena  in 
acoustic  wav'eguides  and  resonators  are  discussed,  fn  such 
systems  the  dispersion  provides  the  pcisrbility  of  resonant 
energy  transformation  between  different  modes  at  selected 
frequencies.  The  following  processes  are  considered  parame- 
tric amplification  of  traveling  waves  in  waveguides,  parame- 
tric generation  of  sound  (PGS)  in  resonators  with  fluid  arxf 
ring  solid-state  resonators,  auto-modulation  of  intensive 
sound;  multifrequency  processes  including  a quasi-r>oi$e 
generation;  propagation  of  stationary  acoustic  pulses  (elas- 
tic solutions)  in  solid  rods  and  peculiarities  of  their  dissipa- 
tion. 
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InrandearrnI  Lamp  Life  finder  Random  Vibration 

C.J  Beck,  Jt. 

Booing  Aerospace  Co,,  Seattle,  WA,  Sho(  k Vib 
Bull,,  U S Naval  Res  Lab,.  Proc.,  Vol,  48,  Pt,  4, 
PP  71-81  (Sept  1978)  10  tigs,  9 tables,  5 rets 

Key  Words,  Lamps,  Random  vibration.  Testing  techniques 

Several  sets  of  incandescent  lamps  were  subjected  to  random 
vibration  in  order  to  generate  a curve  of  lamp  life  versus 
vibration  level.  Each  set  of  tamps  was  vibrated  until  all  lamps 
failed  or  (or  a maximum  time  of  2-1  /2  hours.  The  tests  were 
conducted  with  lamps  energized  and  not  energized. 


79-33 

Fracture  Mechanics  Applied  to  Step-Stress  Fati{;ue 
I'nder  Sine/Random  Vibration 

R.G  Lambert 

General  Electric  Co.,  Utica,  NY  13503,  Shock  Vib. 
Bull.,  U S.  Naval  Res.  Lab.,  Proc  , Vol.  48,  Pt.  3, 
pp  93-101  (Sept  1978)  9 figs.  1 table,  7 refs 

Key  Words:  Fatigue  life.  Random  vibration 
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A proposed  cumulative  fatigue  damage  law  is  derived  which 
uses  fracture  mechanics  theory  as  ns  basis  in  order  to  predict 
the  fatigue  life  of  structures  subfected  to  several  levels  of 
sequentially  applied  stress.  The  proposed  law  applies  to  all 
initial  crack  fi.e..  flaw)  si/es  in  the  structure.  The  proper 
boundary  condition  to  be  imposed  at  the  interface  of  the 
two  stress  regions  is  analysed. 


79-34 

Kirst-Paasa^r  Failure  Probability  in  Random  Vibra- 
tion of  Structurra  with  Random  Prupertira 

N Nakadawa,  R Kawai,  and  K Funahasht 
Faculty  of  Fngrij  . Kobe  Utuv  . Kobe,  Japan,  Shoc  k 
Vib  Bull  , U S Naval  Ros  Lab  , Proc.,  Vol  48. 
Pt  3.  pp  83-92  (Sept  1978)  1 tig,  4 rets 

Key  Words:  Failure  analysis.  Probability  theory.  Rarxjom 
Vibration 

The  first-passage  failure  problem  is  treated  in  raixiom  vibra- 
tion of  structures  with  damping,  considered  as  a rarKfom 
variable.  First,  nonstationary  responses  are  generally  ana- 
lyzed for  random  vibration  of  structures,  which  have  random 
properties.  Using  the  derivative  method,  statistical  values  of 
responses  (mean  function  and  autocovariance  function)  are 
obtained.  Thereafter,  the  first-passage  failure  probability 
IS  considered. 


79-35 

The  Busineitt)  Machine  Vibration  Fnvironnient 

DW  Sk  toner  and  JL  Zable 

IBM  Corporation,  J.  Environ.  Sci  ,2X  (5),  pp  16  21 
(Sept/Oci  1978)  15  figs.  Grefs 

Key  Words;  Equipment  response,  Vibration  excitation 

Data  is  presented  which  depicts  the  vibration  environment  of 
business  machines  m the  functional  state.  Data  also  is  pre- 
sented on  the  shipping  environment.  The  data  is  discussed 
as  to  the  nature  of  the  vibration  and  the  effects  of  the 
machine/environment  interaction.  An  analytical  model  is 
developed  and  discussed. 
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Responae  Analysis  of  500kV  Circuit  Breaker  with 
Nonlinear  Dampin|;  Devices  Cnder  Seisnic  Fxcitation 

S.  Fuiinioto.  T Shimogo.  find  M.  Arti 


Keio  Univ.,  Yokohaiod.  Japan,  Bull  JSML.  ^ 
(157).  pp  1103  1112  (July  1978)  20  figs,  6 tefs 

Key  Words;  Seismic  excitation.  Nonlinear  damping.  Trans- 
mission lines,  Rartdom  excitation 

This  paper  deals  with  a fur>damenial  research  for  the  aseis- 
mic  design  of  a 500KV  air  circuit  breaker.  In  particular, 
effects  of  nonlinearity  of  the  damping  device,  which  is  con- 
nected to  stays,  on  the  seismic  response  of  the  circuit  breaker 
are  theoreticaily  investigated. 


79-37 

Nonlinear  .Analysis  of  Reinforced  (ioiicrete  Planar 
Structures  Subject  to  Monotonic,  Reversed  Cyclic 
and  Dynamic  Loads 

A.B.  Agravyal 

Ph.D.  Thesis,  The  Univ.  of  New  Brunswick,  Canada 
(1977) 

Key  Words;  Reinforced  concrete.  Dynamic  response.  Non- 
linear analysis.  Finite  element  technique,  Seismic  excitation 

This  thesis  is  concerned  with  the  incremental  nonlinear 
analysis  of  reinforced  concrete  planar  structures  subject  to 
monotonically  increasing,  reversed  cyclic  and  dynamic 
(seismic)  loadings.  The  proposed  analytical  model  is  based 
on  the  finite  element  method.  Both  plain  concrete  and  steel 
reinforcement  are  idealized  as  elasto-plastic  materials.  The 
formulation  is  first  applied  to  trace  the  load-deflection 
response  of  shear  panels  and  coupling  beams  under  rnono- 
tonic  and  reversed  cyclic  loads.  ar>d  to  a shear  wall  subject 
to  load  reversals.  The  results  compare  favorably  with  avail 
able  experimental  data. 


SHOCK 

(Also  sst'  Nos.  12,  27,  49,  151, 152,  153,  193) 


79.;J8 

Pmpaf’alion  of  a IlypsTdrlonalioii  Shook  Wave  in 
a Nonhoniogoneous  Modiuiii 

S Kaliski 

Inst,  ot  Plasnid  Physics  .md  Lasoi  Murolusion,  P,0. 
Box  .IB.  00  908,  Wdis,iw,  49  Poland . Bull  Acad 
Polon  Sci  , Sot  Si  t.  rooh.,  PO  (.f),  (ip  7881  (1978) 
4 figs,  7 rets 

Key  Words:  ShocK  wave  propagation 

The  simple  approximate  formulae  which  have  been  obiaineci 
allow  appraisal  of  the  velocity  of  a hyperdetonation  shock 
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wiive  front  (the  velocity  of  particles  at  the  wave  front)  in 
a nonhomogeneous  body  of  decreasing  density. 


79-39 

Keeearrh  on  Shock  H avc-Turbulciit  lioundar)  l.aycr 
Interactioii 

J Delery 

European  Space  Agency.  Paris,  France,  Refit  No 
ESATi47G,  fip  3161  (May  1978)(Enyl  transi 
of  La  Rech  Aerospatiale,  Bull  Bimestriel,  Pans, 
No  1977  6,  PP  337  348  (Nov  Dec  197  7) 

N78-25362 

Key  Words:  Shock  uvaves.  Turbulence 

interaction  phenomena  between  shock  waves  and  turbulent 
boundary  layers  are  of  major  importartce  m transonic  flow. 
Coupling  methods  which  exist  at  present  to  solve  this  prob- 
lem depend  on  an  accurate  description  of  the  behavior  of 
the  boundary  layer  across  a shock.  Research  at  ONERA 
covers  a wide  range  of  Reynolds  numbers.  The  systematic 
examination  of  the  results  has  led  to  the  development  of 
a semi-emprrical  method  which  gives  a fairiy  good  representa- 
tion of  the  thickening  of  the  boundary  layer  during  the 
interaction. 


79-40 

Impedance  Techniques  for  Scaling  and  for  Predicting 
Structure  Response  to  Air  Blast 

F B Saftord,  R E Walker,  and  T.E  Kennedy 
Agbabian  Associates,  El  Seifundo,  CA,  Shock  Vib. 
Bull  , U S.  Naval  Res  Lab.,  Proc.,  Vol.  48,  Pt  2, 
PP  193-214  (Sept  1978)  28  figs,  3 tables,  9 refs 

Key  Words:  Air  blast.  Structural  response.  Scaling,  Pre- 
diction techniques.  Impedance 

Transfer  impedances  were  measured  on  a 1 /12-scale  model 
and  on  its  prototype  structure.  The  structure  was  the  Peri- 
meter Acquisition  Radar  Building  (PARB)  of  the  SAFE- 
GUARD ABM  System.  The  impedance  measurements  lot 
both  structures  were  then  used  with  air-blast  loads  to  predict 
internal  acceleration  responses. 


79-41 

A Non-Contacting  Beta  Backacaticr  (Jago  for  Kx- 
pluaive  Quantity  Vleasurciiient 

P B Higgins,  F H Mathows,  and  R A Benahin 
Sandia  Laboratorius,  Albuquerque,  NM,  Shock 
Vib.  Bull  , U S.  Naval  Res  Lab.,  Proc.,  Vol.  48. 
Pt  4,  PP  113-126  (St.-pt  1978)  14  figs,  1 table,  6 refs 


Key  Words.  Explosions,  Blast  loads.  Measurement  tech 
niques 

A non-contacting  method  of  measuring  the  quantity  of  light- 
initiable  explosive  previously  applied  to  a surface  is  de- 
scribed. Design  parameters,  calibration  procedures  and  field 
results  are  given  lor  a beta  backscatter  gage  which  measures 
the  areal  density  of  a layer  of  the  primary  explosive,  silver 
acetylide-silver  nitrate  (SASN),  on  a carbon  or  aluminum 
sub  surface.  The  "radiation  patterns  " produced  by  the  gage 
using  three  different  beta  source  geometries  were  determined 
and  their  relative  merits  are  discussed. 


79-42 

Seianic  Ground  Motion  from  Krec-Kield  and  Lnder- 
buried  Kxploidve  Sources 

J T Chorry,  T.G.  Barker,  S M Day . and  P.L  Coleman 
Systems  Science  and  Software,  La  Jolla,  CA,  Rept. 
No.  SSS  R 77  3349,51  pp  (July  1977) 

AD  A0b5  141/6CA 

Key  Words:  Underground  explosions.  Nuclear  explosions. 
Ground  motion.  Experimental  results.  Mathematical  models 

Small-scale  laboratory  experiments  were  conducted  and 
analyzed  to  study  the  effect  of  the  proximity  of  the  free 
surface  on  the  seismic  ground  motions.  Two  classes  of 
experiments  were  done,  fn  one  the  charges  were  far  from 
the  free-surface  and  the  free-field  displacement-time  his- 
tories were  measured.  In  the  second  class  the  charges  were 
near  the  surface  and  were  either  fully  contained  or  formed 
a crater.  The  calculations  are  in  good  agreement  with  the 
laboratory  data,  providing  verification  of  both  the  consti- 
tutive models  and  the  methods. 


79-43 

Response  lo  Moving  Loads  Over  a Crystalline  Halt- 
Space 

S.  De 

Old  Engineering  Office  (Qrs,),  Santiniketan,  Birbhum, 
West  Bengal,  India,  Shock  Vib,  Bull.,  U S.  Naval  Res. 
Lab.,  Proc,,  Vol.  48,  Pt.  3,  pp  63-70  (Sept  1978) 
1 tig,  1 3 refs 

Key  Words:  Periodic  response.  Ground  motion.  Nuclear 
explosions.  Wave  propagation 

The  mattiematical  analysis  to  study  the  steady-state  response 
to  a line  load  moving  with  a constant  speed  over  a crystalline 
half-space  is  considered.  The  half-space  is  supposed  to  be 
composed  of  monoclinic,  orthorhombic  and  cubic  crystals. 
The  solutions  for  the  cases  of  supersonic,  subsonic  and  tran- 
sonic are  investigated. 
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Workbook  for  Kittuiiatinf;  tlffects  of  Accidental 
K!^plosion»  in  Prt>peUant  («round  Handling  and 
Transport  Systems 

WE  Btiker,  J J Kuies/.  RE  Ricker,  PS.  Wesiine, 
V B Parr.LM  Vargas,  and  P K.  Moseley 
Southwest  Res  Inst  , P O Box  28510.  San  Antonio, 
TX  78284.  Rept.  No  NASA  CR  3023.  273  pp 
(Aug  1978) 

Kev  Words:  Propetlants.  Explosion  effects,  Undergrournj 
structures.  Underground  explosions 

This  workbook  is  a supplement  to  an  earlier  NASA  publica* 
lion,  NASA  CR-1 34906,  which  is  intended  to  provide  the 
designer  and  safety  engineer  with  rapid  methods  for  predict- 
ir>g  damage  and  hazards  from  explosions  of  liquid  propellant 
and  compressed  gas  vessels  used  in  ground  storage,  transport, 
and  handling  Topics  covered  in  various  chapters  are  Esti- 
mates of  explosive  yield.  Characteristics  of  pressure  waves. 
Effects  of  pressure  waves.  Characteristics  of  fragments, 
and  Effects  of  fragments  and  related  topics. 


79-45 

Finite  Flement  Analysis  of  Multicomponent  Struc- 
tures in  Rigid  Barrier  Impacts 

J K Gran.  L E Schwpr,  J D Colton,  and  H.E  Lind 
borq 

SRI  Intotnational,  Menlo  Park,  CA  , Shock  Vib. 
Bull  , LI  S Naval  Res  Laii  , Proe.,  Vol.  48,  Pt  2, 
pp  153  160  ISept  1978)  12  figs.  3 refs 

Key  Words:  Guardrails,  Impact  response.  Finite  element 
technique 

Techniques  are  presented  for  the  transient  analysis  of  multi- 
component  structures  impacting  rigid  barriers  using  the  finite 
element  method.  The  analysis  considers  distortion  and  failure 
of  toinrs,  multiple  impacts,  and  elastic-plastic  material 
behavior.  The  models  for  each  component  cf  an  example 
structure  are  developed  separately,  guided  by  the  results  of 
impact  experiments.  A comparison  of  the  predictions  of 
these  finite  element  models  with  the  results  of  the  experi- 
ments demonstrates  the  applicability  arxf  accuracy  of  the 
models.  The  complete  structure  is  then  analyzed  by  com- 
bining the  component  models.  The  result  is  good  correlation 
of  experiment  and  analytical  prediction  for  the  acceleration 
of  a mass  on  a rather  complex  structure. 


79-46 

Frrquenry  Reitponur  and  Diffrrrnlialion  Rrquirr- 
mrnta  for  Impact  Mcararcmml!! 


AS  Hu  and  H.  T Chen 

Physical  Science  Lab  , New  Mexico  Slate  Univ., 
Las  Cruces.  NM  88003,  Shock  Vib.  Bull.,  U S.  Naval 
Res  Lab  , Proc  , Vol  48,  Pt  2,  pp  123-130  (Sept 
1978)  8 hgs,  4 rels 

Key  Words:  Impact  response  (mechanical).  Harmonic 

analysis 

Impact  response  data  are  often  subjected  to  integration  artd 
differentiation  procedures.  These  procedures  are  low-  and 
high-pass  filtering  processes.  This  paper  discusses  the  mea- 
surement frequency  response  requirements  using  harmonic 
analysis  and  shows  how  these  requirements  are  related  to 
three  differentiation  procedures. 


79-47 

On  the  Impact  Knd  in  Longitudinal  Dynamic  Plastic 
Wave  Propagation 

D.W.  Nicholson  and  A Phillips 
Dept  of  Engrg.  and  Applied  Science,  Yale  Univ., 
New  Haven,  CT  06528,  Acta.  Mech.,  29,  pp  75-92 
(1978)  13  refs 

Key  Words;  Impact  shock.  Shock  waves.  Wave  propagation. 
Rods,  Laplace  transformation 

Several  different  dynamic  plastic  constitutive  models  are 
considered,  using  longitudinal  wave  propagation  in  semi- 
infinite  rods.  Both  stress  impact  and  velocity  impact  are 
treated.  The  Laplace  Transform  is  used,  and  near  the  impact 
end  the  solution  is  obtained  in  terms  of  familiar  special 
functions. 


79-48 

Bird  Impact  Loading 

J.S.  Wilbeck  and  J P.  Barber 

Air  Force  Materials  Lab.,  Wright  Patterson  AFB,  OH, 
Shock  Vib  Bull.,  U S.  Naval  Res.  Lab.,  Proc.,  Vol. 
48,  Pt  2,  pp  115-122  (Sept  1978)  6 figs,  8 rets 

Key  Words:  Bird  strikes.  Experimental  data.  Impact  toad 
prediction 

An  extensive  experimental  program  was  undertaken  to 
investigate  the  mechanics  of  bird  impact  and  to  define  the 
loads  which  birds  exert  at  impact.  Bird  impact  pressures 
were  measured  by  impacting  birds  against  a heavy  steel 
plate  in  which  pieroeleciric  transducers  were  flush  mounted 
The  experimental  data  is  presented  and  compared  with  the 
predictions  of  a flukfynomic  theory 
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GENERAL  WEAPON 


COMPOSITE 


19-X9 

Pmbabilisilir  Kailun*  AiialyiMH  of  Lined  TunneU  in 
Kock 

0 A \ tifui  J 1)  Collins 

J H Wunjins  Co  , H(Hk)ndo  Hoach,  CA  , Shock  Vib 
Bull.  US  Naval  Res  Lai),  Proc:..  Vol  48.  Pt.  2. 
PP  21b  231  (St;pt  19781  11  tiys.  2 tables,  13  rets 

Key  Words:  Linings,  Tunnels,  Nuclear  explosion  effects 

A study  was  performed  to  develop  a methodology  for  plan- 
ning of  nuclear  undergrourxi  tests  such  that  the  negative 
impact  of  the  uncertainty  in  the  free-field  weapons  effects 
and  the  structure  capabilities  would  be  minimt/ed.  The  paper 
discusses  how  to  guide  the  design  of  the  structures  to  maxi- 
mize the  acquisition  of  good  data,  and  the  methodology 
could  be  directly  applicable  to  future  nuclear  tests. 


79-50 

Stmir  Dynainic  Rrsponm*  Kiivironnieiital  Mcaauir- 
monta  of  VarioiiN  Tartiral  Weapons 

WW  f\irinor)ttM 

Ndv.il  Weapons  Centr?r,  China  Lake,  CA,  Shock  Vib 
Bull  , U S Naval  Res  1 ali  , Prot  , Vol  48,  I’t  4, 
f>P  Ibl  lb8  (Sept  1978)  18  liqs,  1 1 rcis 

Key  Words:  Weapons  systems.  Dynamic  response.  Measure- 
ment techniques 

This  paper  reports  on  pertinent  results  of  several  environ- 
mental dynamic  measurement  programs  for  widely  diverse 
types  of  tactical  weapons.  liKluded  are  spectra  for  the 
SLUFAE  weapon  mounted  on  a tracked  vehicle,  the  ASROC 
missile  mounted  within  laurKhcr  cells  and  magazines  of 
various  classes  of  ships,  the  FAE-lf  and  GATOR  free-fall 
weapons  captive-flown  on  A-7  and  AV-8  aircraft,  the  Condor 
weapon  captive-flown  on  an  A-6  aircraft,  and  the  MAD- 
FAE  weopon  dispenser  system  suspended  beneath  a CH-53 
helicopter.  The  character  of  the  dynamic  environments 
during  weapon  deployment  is  briefly  discussed. 


TRANSPORTATION 

(af'N.)  I (if)) 


PHENOMENOLOGY 


79-51 

Prt>rf*rditi|(a  of  Ihf*  9tb  K^AF  Synipoaiufii:  Fatigue 
Lifr  of  Stnicturra  llndrr  Operational  Loads 

O Buxbdutn  and  D Sctiuot/ 

Laboratoriuni  I Belnebsftjstigkeit,  Dartnsiadt,  West 
Germatiy,  Rept  No  LBf  TR  136  (1977),  ICAF 
960,  644  PP  (1977) 

N7824571 

Key  Words:  Fatigue  life.  Composite  material.  Aircraft 

The  National  Aeronautics  and  Space  Administration  has 
conducted  research  during  the  past  decade  to  demonstrate 
the  viability  and  desirability  of  using  composites,  principally 
for  civil  aircraft.  Similar  research  under  sponsorship  of  the 
Department  of  Defense  has  been  in  progress  to  exploit  these 
materials  for  military  aircraft  systems.  Some  of  the  NASA 
programs  are  outlined  ar>d  examples  are  given  of  structural 
improvements  which  have  been  demonstrated.  An  evaluation 
is  also  given  on  complementary  research  to  create  the  tech- 
nology needed  to  design  composite  structures  with  con- 
fidence. 


DAMPING 

(Also  srw  No.  97) 


79-52 

Damping  of  an  Engine  Exhaust  Stack 

J J.  DeFelice  and  A D Nashif 

Sikorsky  Airciaft  Div.  of  United  Technology  Coip  , 
Stratford.  C^  06602.  Shock  Vib  Bull.,  U S Naval 
Res.  Lab.,  Proc  , Voi  48.  Pt  2,  pp  75-84  (Sept 
1978)  14  figs,  1 table,  6 refs 

Key  Words:  Material  damping.  Helicopter  engines.  Exhaust 
systems.  Fatigue  life 

This  paper  describes  a program  whose  objective  was  to 
introduce  high  damping  into  the  helicopter  engine  exhaust 
extension  in  order  to  decrease  its  vibrational  amplitude  at 
resonance  and  thereby  increase  its  fatigue  life.  A specialized 
high  temperature  damping  material,  in  the  form  of  vitreous 
enamel,  was  utilized  to  work  effectively  over  the  operational 
temperature  range  of  the  exhaust  extension.  The  application 
of  this  high  temperature  damping  material  to  the  engine 
exhaust  extension  has  significantly  reduced  the  vibrational 
amplitudes  at  resonance  and  thereby  increased  component 
service  life. 
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79-53 

New  Structural  Uaniping  Technique  for  Vibration 
Control 

B M Patel,  G.E  Warnaka,  and  D J,  Mead 
Lord  Kinematics,  Erie,  PA,  Shock  Vib.  Bull.,  U S, 
Naval  Res.  Lab  , Proc  , Vol.  48,  Pi  2,  pp  39-52 
(Sept  1978)  12  figs,  7 refs 

Key  Words:  Material  damping.  Vibration  control 

A new  structural  damping  configuration  is  presented  which 
makes  efficient  use  of  damping  materials  by  subjecting  them 
to  both  shear  and  extensional  deformations.  The  configura- 
tion consists,  in  one  form,  of  a series  of  rows  of  vertically 
oriented  platelets  with  damping  material  sandwiched  between 
them.  Adjacent  rows  of  platelets  may  overlap  each  other  to 
enhance  the  deformation  of  the  damping  material.  A theore- 
tical analysis  of  the  configuration  is  summarized.  The  new 
structural  damping  configuration  is  shown  to  apply  to  very 
rigid  structures  where  it  can  control  flexural  vibrations  and 
sound  radiation  with  low  added  weight.  The  new  structural 
damping  design  optimization  study  is  made  and  a numerical 
example  is  included. 


Computerized  Processing  and  Empirical  Representa- 
tion of  Viscoelastic  Material  Property  Data  and 
Preliminary  Constrained  Layer  Damping  Treat- 
ment Design 

L.C.  Rogers  and  A.D.  Nashif 

Air  Force  Flight  Dynamics  Lab.,  Wright  Patterson 
AFB,  OH,  Shock  Vib.  Bull.,  U S.  Naval  Res.  Lab,, 
Proc.,  Vol.  48,  Pt.  2,  pp  23-37  (Sept  1978)  15  figs, 
4 tables,  5 refs 

Key  Words:  Material  damping.  Viscoelastic  damping.  Com- 
puter-aided techniques 

Technology  advancements  in  the  state-of-the-art  of  process- 
ing and  representing  modulus  and  loss  factor  data  as  a func- 
tion of  temperature  and  frequency  are  presented:  further, 
a new  method  for  performing  preliminary  constrained  layer 
damping  treatment  design  covering  the  complete  range  of 
interest  of  practical  engineering  parameters  is  outlined. 


79-55 

A Reduced-Temperature  Nomogram  for  Characteriza- 
tion of  Damping  Material  Behavior 

D.I.G.  Jones 

Air  Force  Materials  Lab  , Wright  Patterson  AFB,  OH 
45433,  Shock  Vib  Bull.,  U S.  Naval  Res.  Lab  , Proc., 
Vol,  48,  Pt  2,  pp  13-22  (Sept  1978)  14  figs,  fitablns 


Key  Words:  Material  damping.  Mechanical  properties. 

Nomographs 

An  adaptation  of  the  well  known  "reduced-frequency" 
concept  for  linear  damping  materials  is  made,  so  as  to  pro- 
duce a "reduced-temperature"  nomogram.  This  simple 
nomogram  has  the  advantage  of  allowing  one  to  directly 
read  off  the  complex  modulus  properties  of  damping  ma- 
terials at  any  given  temperature  and  frequency,  without 
the  need  for  intermediate  calculations. 


79-56 

Specification  of  Damping  Material  Performance 

D I G.  Jones  and  J.P.  Henderson 
Air  Force  Materials  Lab.,  Wright  Patterson  AFB, 
OH  45433,  Shock  Vib.  Bull.,  U.S.  Naval  Res.  Lab., 
Proc.,  Vol.  48,  Pt  2,  pp  1-11  (Sept  1978)  8 figs, 
2 tables,  1 ref 

Key  Words:  Material  damping.  Nomographs,  Resonance 
bar  technique.  Dynamic  modulus  of  elasticity 

In  this  paper  a simple  reduced-temperature  nomogram  is 
applied  to  developing  a specification  for  controlling  damping 
material  performance,  and  the  resonant  beam  test  technique 
is  discussed  as  a possible  standard  method  for  measuring 
complex  dynamic  moduli  of  damping  materials. 


79-57 

The  influence  of  Geometry  on  Linear  Damping 

M.E.  McIntyre  and  J.  Woodhouse 
Dept,  of  Appl.  Mathematics  and  Theoretical  Physics, 
Univ.  of  Cambridge,  Acustica,  ^ (4),  pp  209-224 
(Mar  1978)  7 figs,  17  refs 

Key  Words:  Internal  damping.  Geometric  effects.  Plates, 
Shells,  Musical  instruments 

Internal  damping  of  vibration  modes  of  bodies  such  as  plates 
and  shells  generally  depends  on  mode  shape,  boundary 
conditions  and  geometry.  This  dependence  is  explored 
systematically  using  linear  continuum  mechanics,  exploiting 
the  differences  between  different  complex  moduli  which  are 
frequently  ignored,  particularly  in  isotropic  materials.  De- 
tailed results  are  given  for  Isotropic  plates,  of  constant 
and  slightly  varying  thickness,  under  various  boundary 
conditions.  One  prediction  of  the  theory  is  tested  experi- 
mentally. 


ELASTIC 
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79.58 

Wive  Propa^itiun  in  Slrt>ii^ly  Aiiiiotropic  K.laslir 
Miteriils 

W A Greon 

Dt?pt  of  Theoretical  Mech  , Univ  of  Nottingham, 
UK,  Arch.  Mech  Stosowanoj,  ^ (3),  pp  297  307 
(1978)8  refs 


V J Modi  and  L.  leong 

t)ept  of  Mech  tngrg.,  Umv  of  British  Columbia, 
Vancouver,  BC  . Canada.  J.  Mech.  Des , Trans. 
ASML,  100  (2),  pp  354  vT62  {A()r  1978)  12  figs, 
25  refs 

Key  Words:  Cylinders,  Vortex-induced  vibration.  Fluid- 
induced  excitation 


Key  Words.  Wave  propagation.  Elastic  media 

In  this  paper  the  nature  of  wave  propagation  in  a strongly 
transversely  isotropic  elastic  material  is  examined.  For  the 
case  considered  the  extensional  modulus  in  the  direction  of 
the  axis  of  transverse  isotropy  is  much  greater  than  that  in 
any  direction  at  right  angles  to  this  axis.  The  results  for 
both  the  idealized  inextensible  and  transversely  isotropic 
materials  are  derived.  The  speeds  of  propagation  and  as- 
sociated discontinuity  vectors  are  obtained.  Some  generaliza- 
tions to  non-linear  elastic  materials  are  suggested. 


The  paper  presents  results  of  an  extensive  test  program 
aimed  at  better  understanding  of  unsteady  aerodynamics 
and  vortex  induced  oscillations  of  a family  of  two  dimen- 
sional elliptic  cylirtders  in  the  Reynolds  number  range  of 
3 X 10  ~ 10^.  In  the  beginning,  results  on  Strouhal  num- 
ber variation  with  cylirtder  eccentricity  and  angle  of  attack 
are  presented  which  can  be  used  to  predict  critical  resonant 
velocity  once  the  structural  properties  are  identified.  This 
is  followed  by  the  data  on  the  fluctuating  pressure  at  the 
surface  of  the  cylinders  which  suggest  their  three  dimensional 
character  and  significant  dependence  on  the  Reynolds 
number. 


FLUID 

(Also  stv  Nos  39,  114,  115,  158) 


79.59 

KluklHistK'  Vibration  of  Heat  Exchanger  Tube 
Arrays 

H.J.  Connors,  Jr. 

Wostinghouse  Res.  Labs  , Pitlstiurgh,  PA,  J.  Mech. 
Des.,  Trans.  ASMP,  JOO  (2).  pp  347-353  (Apr  1978) 
10  figs,  12  refs 

Key  Words:  Tubes,  Heat  exchangers.  Whirling,  Fluid-induced 
excitation 

A basic  fluidelastic  excitation  mechanism,  of  a type  reported 
in  an  earlier  paper,  causes  large  whirling  vibrations  o1  tubes 
in  model  arrays  when  the  flow  velocity  exceeds  a critical 
value.  Threshold  instability  constants  are  given  that  were 
obtained  from  wind  tunnel  and  water  tunnel  tests  on  multi- 
row tube  arrays  in  uniform  cross  flow.  Test  results  are 
discussed  that  demonstrate  the  effects  of  spanwise  variations 
in  flow  velocity  on  fluidelastic  whirling  for  both  straight 
tubes  ar>d  U-tubes.  Design  methods  are  provided  for  pre- 
dicting the  onset  of  fluidelastic  whirling  of  heat  exchanger 
tubes  on  multiple  supports  when  spanwise  variations  in  the 
cross  flow  exist. 


79.60 

On  Somr  Aaprrls  of  l^ntiteady  Aerodynamirs  and 
Vortrx  Induced  OarillationR  of  F.lliplir  Cylindrn*  at 
Subcrilical  Rrynoldii  Number 


79-61 

Aerodynamic  Force  and  Moment  on  Owillating 
Airfoils  in  Cascade 

H Atassi  and  T J.  Akai 

Univ.  of  Notre  Dame,  Nottc  Dame,  IN,  ASME  Paper 
No.  78  GT  181 

Key  Words:  Airfoils,  Aerodynamic  loads 

A systematic  theory  is  developed  for  airfoils  in  cascade  os- 
cillating about  their  mean  position  with  constant  interblade 
phase  angle  in  a uniform  incompressible  flow.  The  theory 
fully  accounts  for  the  effect  of  angle  of  attack  of  the  mean 
flow,  the  airfoils'  thickness  and  camber,  arxf  the  cascade 
solidity  and  stagger.  The  formulation  leads  to  two  singular 
integral  equations  in  the  complex  plane  which  are  solved 
numerically  by  collocation. 


79-62 

Acoustic  Radiation  Due  to  a Fluid  Loadiu);  Discon- 
tinuity on  an  Infinite  Membrane 

M Pierucci 

General  Dynamics  Electric  Boat  Div  , Groton,  Cl 
06340,  J.  Acoust  Soc  Arrror.,^  (1),  pp  223-231 
(July  1978)  11  tigs,  5 refs 

Key  Words:  Membranes,  Interaction:  structure-fluid.  Elastic 
waves 

Eigen-mode  radiation  is  determined  lot  an  infinite  membrane 
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with  a discontinuous  fluid  loading  condition.  The  upper 
half  of  the  mennbrane  i$  exposed  to  a heavy  fluid  which 
accounts  for  a fluxJ  structure  interaction.  The  lower  half 
of  the  membrane  is  exposed  to  very  ligfit  fluid  which  im 
poses  no  fluid  loading  on  the  structure.  A very  soft  com- 
pliant layer  is  attached  to  half  of  the  membrane  surface. 
The  compliant  layer  lessens  the  local  coupling  between  the 
fluid  and  the  structure,  thus  creating  the  fluid  loading  dis 
continuity.  The  effect  of  this  fluid  loading  discontinuity 
upon  the  radiated  farfield  is  evaluated. 


79^3 

A NumericaJ  Nonlinear  Methwi  of  Slosliin^  in  Tankx 
with  Two-Diiiiensional  Flow 

O M Faliinstni 

Div  of  Sfiip  Hydrodytiiiniics.  Norwoyian  Inst  of 
Teih  . IrondhtMiT).  Norway,  J Sfiip  Hos  . ^ (3|, 
PP  193  202  {S(.*pi  10/8)  13  fiijs.S  rofs 

Key  Words:  Tanks  fcontainers).  Sloshing.  Damping 

A numerical  method  for  the  study  of  sloshing  in  tanks 
with  two-dimensional  flow  is  presented.  The  solution  satisfies 
the  exact  nonlinear  free  surface  conditions.  To  avoid  dif- 
ficulties with  transients,  artificial  damping  is  introduced. 
Comparison  with  a linear  analytical  solution,  derived  in 
this  publication,  shows  that  the  numerical  method  gives 
reasor^able  results.  Comparison  with  an  approximate  non- 
\tnear  analytical  method,  derived  earlier  by  the  author, 
indicates  that  the  artificial  damping  leads  to  difficulties  in 
special  cases. 
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VISCOELASTIC 


79-61 

Vibration  of  a Visr-oelaslic  liar  in  ('.oiisidcralion  of 
Ihf  Correlation  llelneen  Kandoni  l’araiiirl«-r.s 

N Nakaqdwa,  R K.iwiii,  I lw;)lsnbo,  <inr)  K.  f una 
hashi 

Faailly  al  fiKinj  , Kobe  iliitv.,  RokFo,  Kob(? 

JiKMU.  Bull  ISMf  . jn  (IRV),  pp  1089  1094 
(July  1978)  h fi(is,  2 labliis,  7 refs 

Kfiy  Worils;  Biirs.  Viscoelastic  tiroperties,  Random  parame- 
ters. Spring  constants,  Oaniping  coefficients 

The  longitudinal  vibration  of  a viscoelastic  bar  which  has 


random  properties  with  respect  to  both  the  stiffness  and  the 
viscoelasticity  is  considered.  The  viscoelastic  bar  is  sub- 
stituted by  an  n-degrees-of-freedom  linear  chain  and  the 
method  to  obtain  the  standard  deviations  of  disptacements 
etc.  is  given  by  developing  Caravani's  method.  The  correla- 
tion of  the  spring  rate  and  the  damping  coefficient  is  also 
taken  into  consideration  The  standard  deviations  are  cal- 
culated to  live-degrees-of-freedom  in  the  numerical  example. 


EXPERIMENTATION 


DIAGNOSTICS 


79-65 

Uraifrn  a Mubilr  Marhiiiery  Analyttis  i.aborafory 

U Sela 

Lxxon  Co..  USA.,  Benicia,  CA  , Hydrocarbon 
Processinij,  ^ (8),  f)()  115-118  (Aug  1978)  5 figs, 
2 rets 

Key  Words:  Diagnostic  techniques.  Test  facilities 

A mobile  machinery  analysis  laboratory  has  repeatedly 
proven  its  usefulness  by  helping  to  avoid  unntntessary  shut- 
downs and  by  accurately  predicting  internal  equipment 
damage  (thus  minimizing  repair  downtime).  The  mobile 
laboratory  is  used  for  the  troubleshooting  of  all  types  and 
sizes  of  rotating  machinery  and  other  miscellaneous  equip- 
ment. The  laboratory  contains  vibration  sensors,  associated 
electronics,  recording,  analysis  and  data  display  devices 
This  instrumentation  package  is  housed  in  a step-van  type 
truck  which,  in  effect,  is  a mobile  measurement  laboratory. 
The  van  is  also  used  as  a data  reduction,  analysis  and  storage 
center. 
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Kandoni  Fatifnue  Damage  Approach  to  Marhinery 
Mainlriianrr 

7 S.  Sfinknr,  G.L)  Xistris,  and  Ci  1 . Osliguy 
Cont.titdla  Univ.,  Montreal.  Ouebec,  Canada.  Shock 
Vib  Bull,  US.  Naval  Res  lab,  Proc  , Vol  48, 
Pt.  8,  ()()  10.1  114  (Sc‘|)t  1978)  7 figs,  2 tables.  lOiols 

Key  Words  Diagnostic  techniques,  Machinery,  Mixhanical 
elements,  Random  excitation 

Machinery  vibration  are  cmplovt"d  to  obtain  an  estimate 
of  the  stresses  in  critical  mechanical  elements  under  opeia- 
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ting  conditions.  The  amount  of  fatigue  damage  incurred  as 
a result  of  these  stresses  is  computed  using  a linear  damage 
accumulation  taw  and  expressions  are  developed  for  the 
expected  value  of  the  damage  sustained  over  a specific  time 
period.  The  behavior  of  these  statistical  parameters  with 
operating  time  and  with  various  system  fatigue  properties 
is  discussed.  The  calculated  damage  provides  a reliable  in- 
dication of  the  remaining  trouble-free  life  and  can  be  em- 
ployed in  the  maintenarKe  field  to  monitor  the  performance 
of  industrial  machinery. 


79-67 

('.an  Aroualir  i^iniaaiun  Detect  the  Initiation  of 
Fatipie  ('racka:  Application  to  Hif'h-Strenf'th  l.ight 
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NASA,  Washington,  D C,,  Rept.  No.  NASA  TM- 

75306,  lOpp  (June  1978) 
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Key  Words:  Nondestructive  tests.  Acoustic  techniques. 
Fatigue  (materials) 

Acoustic  emission  was  used  for  the  detection  of  fatigue 
cracking  in  a number  of  high-strength  light  alloys  used  in 
aeronautical  structures.  Among  the  features  studied  were: 
the  influeiKe  of  emission  frequency,  the  effect  of  surface 
oxidation,  and  the  influence  of  grains.  It  was  concluded 
that  acoustic  emission  is  an  effective  nondestructive  tech- 
nique for  evaluating  the  initiation  of  fatigue  cracking  in 
such  materials. 
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AIDAPS  Pn>(;raiii 

K R Bditholic,  J D.  Chang,  F C.  Elder,  W.J  Harris, 
and  J L Lau 

Aircsearch  MIg.  Co  of  California,  Torrance,  CA, 
Rept  No  USAAVRADCOM  TR  78  5,  144  pp  (Oct 
24,  1977) 
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Key  Words:  Diagnostic  instrumentation.  Computer-aided 
techniques.  Aircraft 

This  report  summarizes  the  technical  accomplishments 
on  the  Automatic  Inspection,  Diagnostic  and  Prognostic 
System  (AIDAPS)  Program  during  the  period  of  27  June 
1973  to  30  Nov  1976.  AIDAPS  was  intended  lor  use  in 
Army  Aircraft  and  was  intended  to  be  used  to  reduce  main- 
tenance cost  and  improve  flight  safety  by  continuous  in- 
flight monitoring  of  aircraft  subsystems. 
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SPADK  Sensor  Location  and  Attachment 

T.C.  Mayer,  H.W  Sutphin,  and  J.I.  Harrington 
Parks  College  of  Saint  Louis  Univ.,  Cahokia.  IL, 
Rept  No  USAAVRADCOM  TR  78  7,  21  PP  (Jan 
27,  1978) 

AD  A054  907/1 GA 

Key  Words:  Shock  pulse  method.  Diagnostic  instrumenta- 
tion, Helicopters 

This  report  optimizes  sensor  locations  for  the  shock  pulse 
vibration  technique,  investigates  the  shock  emission  profile 
difference  between  using  an  IFD  multi-model  transducer 
using  an  epoxy  mounting  technique  vs  a B and  K accelero- 
meter using  a collar  and  damp  technique  arKf  finally  the 
recommendation  of  candidate  bearings  for  shock  pulse 
monitoring  on  the  UH-1H,  AH-1G.  OH-58C,  and  theCH-47. 
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M1L-STD-781C  Random  Reliability  Testing  Per- 
formed by  Using  Acoustic  Coupling 

S.M  Landre 

Electronic  System  Div.,  Harris  Corp.,  Melbourne, 
FL,  Shock  Vib.  Bull.,  U.S.  Naval  Res.  Lab  , Proc., 
Vol.  48,  Pt.  4,  pp  49-56  (Sept  1978)  17  figs,  3 refs 

Keywords:  Random  vibration.  Shakers 

This  paper  describes  an  approach  for  performing  random 
vibration  during  reiiability  testing  by  using  an  acoustic 
coupled  shaker  system.  The  new  Revision  C to  MIL-STD-781 
is  requiring  either  random  or  sine  vibration  during  tempera- 
ture cycling,  depending  on  the  equipment  specification.  The 
requirement  to  subject  some  test  items  to  random  vibration 
instead  of  sine  vibration  creates  demands  for  inexpensive 
replacement  equipment  capable  of  performing  the  new  tests. 
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Stability  and  Frequency  Responar  of  Hydro-Mechani- 
cal Shakers  in  Vibration  Rqrfl 

S.  Sankar 

Dept,  of  Mech.  Engrg.,  Concordia  Univ.,  Montreal, 
Canada,  Shock  Vib.  Bull  , U S.  Naval  Res.  Lab., 
Proc.,  Vol  48,  Pt  4,  pp  33-47  (Sept  1078)  12  figs, 
2 tables 
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A hydro*mechanical  shaker  is  an  effective  alternate  to  an 
electro-hydraulic  shaker  for  providing  low  frequency,  large 
displacement  arxl  force.  This  paper  presents  an  analytical 
study  on  the  stability  arwj  frequerKy  response  of  hydro* 
mecharricdl  shakers  used  for  generating  vibrational  signals 
to  drive  a vibration  rig.  The  analytical  expression  for  stability 
are  derived  based  on  linearized  flow  characteristic  equations 
and  taking  into  account  the  effect  of  fluid  inertance  arxf 
resistarKe  in  the  connecting  pipes. 
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Broad-Band  Mechanical  Vibration  Amplifier 

R T Fandrich 

Electronic  Systems  Div..  Hams  Corp.,  Melbourne, 
FL.  Shock  Vib.  Bull.,  U S.  Naval  Res.  Lab  , Proc.. 
Vol  48.  Pt  4.  pp  25-31  (Sept  1978)  9 figs,  3 refs 

Key  Words:  Test  equipment  and  instrumentation.  Am* 
plifiers.  Shakers,  Vibration  testing 

A test  requirement  to  expose  miniature  electronic  compon- 
ents to  high  vibration  levels  encouraged  this  investigation  of 
a mechanical  vibration  amplifier.  Various  testing  require- 
ments are  imposed  on  components  and  many  of  these  re- 
quirements are  too  high  to  be  met  using  standard  laboratory 
vibration  shakers.  The  solution  described  in  this  paper 
utilizes  a mechanical  vibration  amplifier  which  increases 
the  available  shaker  output  at  all  frequencies,  simultaneously. 
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A Method  of  Assessiiif;  the  Precision  of  Reverbera- 
tion-Room Sound-Absorption  Measurements 

S.M  Brown  and  K D Steckler 
Ros.  and  Dev.  Center,  Armstrong  Cork  Co.,  Lan 
castor,  PA  17604.  Aruslica,  (1),  pp  1 14  (May 
1978)  4 tables,  9 refs 

Key  Words:  Reverberation  chambers.  Acoustic  absorption 

An  efficient  and  economical  method  of  assessing  the  full 
precision  of  sound-absorption  coefficients  derived  from  a 
minimal  number  of  reverberation-room  decay  repetitions 
is  described.  Expressions  are  derived  for  the  relevant  statis- 
tical parameters,  af>d  a scheme  is  presented  for  checking 
the  statistical  assumptions  employed.  An  examination  of 
measurements  performed  in  our  laboratory  shows  that  these 
assumptions  usually  hold  quite  well.  These  methods  employ 
the  "theory  of  error  propagation"  aixf  are  applicable  to  a 
wide  variety  of  situations,  both  in  and  beyond  acoustics. 
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Effects  on  Precision  of  a Reverberant  Absorption 
Coefficient  of  a Plane  Absorber  due  to  Anisotropy 
of  Sound  Enei^  Flow  in  a Reverberation  Room 

Y Makitaand  K.  Fujiwara 

Kyushu  Inst,  of  Design,  Fukuoka,  Japan,  Acustica, 
39  (5),  pp  331  346  (Apr  1978)  6 figs.  1 table,  7 refs 

Key  Words:  Reverberation  chambers.  Acoustic  absorption. 
Test  facilities 

Effects  of  anisotropic  sound  energy  flow  in  a reverberation 
room  on  the  precision  of  a measurement  in  the  room  of  a 
reverberant  absorption  coefficient  of  a plane  absorber  are 
studied  theoretically.  The  upper  and  the  lower  limits  of  a 
region  are  given  wherein  the  random  incident  absorption 
coefficient  of  the  plane  absorber  is  estimated  from  two 
factors:  the  measured  reverberant  absorption  coefficient 
and  the  normalized  angular  distribution  of  sour>d  energy 
flow  in  the  sourxi  field  near  the  absorber. 
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(Also  see  No.  68) 
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The  Reciprocity  Calibration  nf  Vibration  Standards 
Over  an  Extended  Erequeiicy  Kan)>e 

R R Bouche 

Bourht;  Ldbotdtories,  Sun  Valiev,  CA..  Shock  Vih. 
Bull  , U.S.  Naval  Res  Lab.,  Proc.,  Vol  43,  Pt.  4. 
pp  105  )11  (Sefit  1978)  5 figs,  1 table,  10  lets 

Key  Words.  Accelerometers.  Calibrating 

Reciprocity  calibrations  are  performed  at  various  frequencies 
up  to  10,000  Hr  using  an  air-bearing  shaker  with  a built-in 
primary  standard  accelerometer.  Tht;  shaker  is  used  for 
sensitivity  and  frequency  response  calibrations  on  other 
accelerometers  and  velocity  pickups  in  the  range  of  10  Hr 
to  1 0,000  Hr  and  up  to  50,000  Hr  for  resonance  frequency 
calibrations. 


79-76 

.\nf!ular  Vibration  Measurrntent  Trehniquea 

P W Whaley  and  M W Obal 

Ail  Foro'  Flight  Dynamies  lab  , Wilghl  Patterson 
AF  B,  OH  45433,  Shock  Vib.  Bull  , U.S  Naval  Ros 
Lab.,  Proc.,  Vol.  48,  Pi  4,  pp  8393  (Sept  19781 
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Key  Words:  Accelerometers,  Vibration  meters.  Aircraft, 
Airborne  e()uipment  response.  Angular  vibration 

The  angular  arxl  linear  vibratory  response  of  aircraft  struc- 
tures affects  airborr^e  electro-opticat  packages.  In  order  to 
design  these  systems  with  acceptable  pointing  accuracies 
ar>d  sufficieu  subsystem  mirror  alignments,  knowledge  of 
the  angular  responses  of  aircraft  structures  is  important. 
Thus,  it  IS  necessary  to  be  able  to  measure  angular  vibrations 
of  aircraft  structures  in  order  to  describe  optical  pact'.age 
disturbaryres.  Six  angular  vibration  sensors  were  encountered 
in  a literature  survey  arid  are  evaluated  in  light  of  the  above 
requirements.  In  addition,  experierKe  with  differential 
angular  vibration  measurement  using  conventional  accelero- 
meters is  presented  and  evaluated. 
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Frequency  Response  and  DirtM'lioiial  ('.haraeleristics 
of  Sound  f,evel  Meiers  in  the  Presence  of  an  Operator 

K Brinkinann  (iiid  K Obeinwiyr 
Physikdlisi  h Tochniscfio  Bundcsanstalt,  Britunschweiy, 
Fedora!  Republic;  of  G«;rfria(ty,  Noise  Control  tngr., 
n (1),  pp  32  39  (July/Auq  1978)  11  figs,  6 refs 

Key  Words:  Sound  level  meters.  Error  analysis 

Frequency  response  and  directional  characteristics  of  sourKf 
level  meters  can  be  considerably  distorted  by  the  presence 
of  an  operator  in  the  sound  field,  especially  when  tonal 
noise  is  being  measuied.  The  magnitude  of  the  errois  depends 
on  features  of  the  device  itself  and  on  the  exact  location  of 
the  operator  and  his  build.  Detailed  experimental  data  on 
these  effects  arc  presented,  including  various  sound  level 
meter  arx^  measuring  conditions. 
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Modal  Confidence  Fartor  in  Vibration  Testing 

S.R  Ibrahifii 

Dspi.  o(  Mcch.  fngro  and  Mechanics,  Old  Ooinlnion 
Univ  , Norfolk,  VA  , Shock  Vib  Bull  , L),S  Naval 
Res.  Lab.,  Proc.,  Vol,  48,  Pi  1.  ()p  65  75  (Siept 
19/8)  3 figs,  4 tobies 

Key  Words:  Modal  tests.  Modal  analysis.  Vibration  tests. 
Testing  techniques 

The  "Modal  Confidence  Factor",  "MCF",  is  a number 
calculated  (or  every  identified  mode  lor  a structure  under 
test.  The  theory  of  the  MCF  is  based  on  the  correlation 


that  exists  between  the  modal  deflection  at  a certain  station 
and  the  modal  deflection  at  the  same  station  delayed  in  time. 
The  theory  arxl  application  of  the  MCF  is  illustrated  by  two 
experiments.  The  first  experiment  deals  with  simulated  re- 
sponses from  a two  degree  of  freedom  system  with  20%, 
40%,  and  100%  noise  added.  The  second  experiment  was 
run  on  a generalized  payload  model. 
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On  the  Dialributiun  uf  Shaker  Furres  in  Multiple- 
Shaker  Modal  Testing 

W L Hdllduei,  Jr.  and  J.F  Staftoid 
Virginia  Polvtucfinic  Inst  and  Statu  Univ.,  Blacks 
burg.  VA  24061,  Shock  Vib  Bull.,  U S,  Naval  Res. 
Lab.,  Proc.,  Vol.  48,  Pt  1,  pp  4g-63  (Sept  1978) 
14  tigs,  2 tables,  20  refs 

Key  Words:  Modal  tests.  Modal  analysis.  Vibration  tests. 
Testing  techniques 

The  method  proposed  by  Asher  for  structural  dynamic  modal 
testing  by  multiple-shaker  sinusoidal  excitation  is  reviewed, 
and  its  theory  and  application  are  discussed  in  detail.  Numer- 
ical results  from  simulated  modal  testing  on  mathematical 
structural  models  are  presented  to  illustrate  the  strengths 
and  weaknesses  of  the  method.  The  characteristics  of  these 
models  include  damping  which  couples  the  normal  modes 
and  closely  spaced  modes.  Numerical  techniques  required  for 
implementation  of  the  method  are  described.  A procedure 
is  suggested  for  replacing  actual  mechanical  tuning  with 
calculations  employing  transfer  function  data. 
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Furct*  Appoiiioniiig  for  Modal  V'ibralion  Testing 
Fsing  Incomplete  Excitation 

G.  Morosow  and  R S.  Ayru 

Martin  Mariutta  Corp.,  Denvci , CO,  Shock  Vib. 
Bull.,  US.  Naval  Rus.  Lab,  Pioc  , Vol.  48,  Pt  1. 
pp  L19  48  (Supt  1978)  6 figs,  2 tables,  9 ids 

Key  Words:  Modal  tests,  Modal  analysis.  Vibration  tests. 
Testing  techniques 

A technique  is  presented  tor  deteiminmg  the  shaker  forces 
necessary  to  isolate  a mode  during  a modal  vibration  test. 
The  approach  requires  no  prior  knowledge  of  the  model 
and  is  particularly  usable  for  structures  with  high  modal 
density 
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High  Frr<|uency  (iround  Vibration  Meaiurement 
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H Node 

Monash  Univ  , Clayton,  Victoria.  Australia,  Shock 
Vib  Bull.,  U S Naval  Res  Lab.,  Pror.,  Vol  4B, 
Pt  4,  pp  95103  (Sept  1978)  6 figs,  1 table,  8 refs 

Key  Words:  Measurement  techniques.  Grour>d  vtbratioh 

Recently  interest  has  focused  on  ground  transmitted  vibra- 
tion and  noise  from  sources  related  to  human  activity  such 
as  mining  and  tunneling  i^ork.  as  well  as  traffic  aryj  indus- 
trial plant  operations.  The  disturbar>ce  thus  generated  con- 
tains low  and  high  frequertcy  Fourier  components,  ar>d  ac- 
curate measurement  of  the  vibration  requires  recording  of 
the  signal  free  from  harmonic  distortion  in  the  frequency 
range  of  interest.  This  paper  reviews  the  basic  requirements 
for  vibration  transducer-tO'grourKf  coupling  to  ensure  linear 
measuring  system  response  Results  are  presented  of  field 
tests  of  a range  of  different  designs  for  ground  attachments, 
arxf  recommerKfations  are  made  for  procedures  of  ground 
attachment  installation  in  different  type  soils  and  rock 
formations. 
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('.onarrvatiam  in  Random  Vibration  Analysis  and 
Testings 

T L Patv 

Appl.  Mech,  Div  , Sandia  Laboratonos,  Albuquerque, 
NM  87115,  Shock  Vib  Bull.,  U S.  Naval  Res  Lab  , 
Proc.,  Vol  48.  Pt  4,  pp  57  70  (Sept  1978)  5 fiqs. 
3 tables.  2 refs 

Key  Words:  Vibration  tests,  Rarnlom  vibration.  Testing 
techniques 

This  paper  reports  conservatism  in  random  vibration  testing. 
It  shows  that  some  common  spectral  density  estimators  have 
an  approximately  normal  sampling  probability  distribution. 
Based  on  this  fact,  the  study  proposes  some  measures  of 
confidence  in  specified  test  levels.  The  study  describes  a 
technique  for  finding  the  probability  that  a test  is  more 
severe  than  the  field  environment  from  which  it  was  derived. 
A mean  square  structural  response  criterion  is  used. 
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Which  Vibration  Test 

R M Kolod/io| 

Air  Pownr  Div  , Joy  Mfq  Co  , Buffalo,  NY,  Mach 
Des  ,^(18l,p  113  (Auq  10,  1978) 

Key  Words;  Testing  techniques,  Vibration  tests 

Three  techniques  commonly  used  in  vibration  testing: 
impact,  swept  sine,  ar*d  rartdom  (white  noise)  are  described 


The  decision  on  which  technique,  or  combination,  to  use 
depends  on  part  geometry,  available  time,  required  accuracy, 
arvj  required  information  - natural  frequertcies.  damping 
factors,  phase  shift,  stiffness,  mode  shape,  etc.  A table  is 
provided  for  a quick  reference  for  the  best  method  to  use 
based  on  these  variables. 
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Shock  Analysis  of  Tubular  Visroplaslir  Brains 
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S G.  Gaichel  and  V H.  Neubert 
Dept,  of  Enqrg  , Science  and  Mech.,  Pennsylvania 
Slate  Univ.,  University  Park,  PA,  Rept  No  AD 
A053185,  FR  2,  1 14  pp  (July  1977) 
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Key  Words:  Beams,  Cantilever  beams.  Viscoplastic  proper 
ties.  Computer  programs 

An  analytical  method  is  outlined,  and  a related  computer 
program  Viscoplastic  Beam  Analysis  (VPBA)  is  discussed, 
for  prediction  of  response  of  a viscoplastic  cantilever  beam 
to  ground  shock.  Some  beams,  which  could  be  built  using 
standard  piping,  are  designed  and  analyred  using  inputs 
typical  of  those  on  the  floating  shock  barge. 
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Dynmiirs  of  Neutrally  Biiuyanl  Inflated  Vitiroelastir 
Tapered  C'.anlilrvrni  I'tird  in  (indrrwairr  Applications 

V J Modi.mdD.T  Poon 

Dept  of  Met  h Enrjrri.,  Univ  of  Brili.'ih  Columbia, 
ViincouvPi,  Biilish  Columbia,  Canada,  J Mech.  Des., 
Trans.  ASMf  , ITO  (2),  pp  337  346  (Apt  19781 
10  figs,  1 Idhie,  23  refs 

Key  Words:  Cantilevei  beams.  Underwater  structures.  In- 
flatable structures.  Dynamic  response 

The  paper  Investigates  statics  and  dynamics  of  neutrally 
buoyant  inflated  viscoelastic  tapered  cantilevers  used  as 


stniciural  members  in  underwater  platforms.  Results  of  a 
detailed  experimental  program  are  also  presented  to  sub- 
stantiate validity  of  the  analytical  model. 
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The  Lariir  Amplitude  Vibration  of  Hiii|>ed  Beams 

G.  Prathap  and  T K.  Vaiadan 
Indian  Inst  of  Tech.,  Madras  600036,  India,  Com- 
puters Struc.,_9  (2),  pp  219-222  (Aug  1978)  3 figs, 
2 tables,  12  refs 

Key  Words:  Beams,  Free  vibration 

The  targe  amplitude  free  vibrations  of  a simply*supported 
beam  with  ends  kept  a constant  distance  apart  is  studied 
using  the  actual  nonlinear  equilibrium  equations  (i.e.  specifi* 
cation  of  loads  in  terms  of  the  deformed  coordinates  of  the 
beam)  and  the  exact  nonlinear  expression  for  curvature  in 
addition  to  the  nonlinearity  arising  from  the  axial  force.  A 
variable  separable  assumption,  together  with  certain  assump- 
tions as  to  the  behavior  of  the  time  function  defines  an  eigen- 
value characteristic  of  the  vibration.  A numerically  exact 
successive  integration  and  iterative  technique  establishes 
the  depecKfence  of  this  quantity  on  the  amplitude  of  vibra- 
tions. The  hardening  effect  of  nonlinearity  is  then  interpreted 
in  terms  of  the  variation  of  this  quantity  with  the  amplitude 
of  vibration.  This  new  criteria  to  define  nonlinearity,  is 
compared  with  several  existing  in  the  literature.  The  present 
analysis  allows  the  separation  of  the  effects  of  stretching  and 
large  deflection  equations  on  the  nonlinear  behavior  and  the 
conclusion  can  be  made,  based  on  numerical  evidence,  that 
the  predominant  nonlinearity  is  due  to  stretching.  The  axial 
force  at  any  station  in  the  beam  and  the  ber>ding  stress  can 
also  be  computed  in  a numerically  exact  sense,  at  the  point 
of  maximum  amplitude. 
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Transverse  Compressional  Danipinf;  in  the  Vibratory 
Response  of  F.lastic-Viscoelastic-Elastk  Beams 

B E Douglas  and  J.C.S  Yang 

David  W Taylor  Naval  Ship  Res.  and  Dev.  Center, 
Annapolis,  MD,  AIAA  J.,  ^6  (9),  pp  925-930  (Sept 
1978)  6 figs,  9 refs 

Key  Words:  Beams,  Laminates,  Viscoelastic  properties. 
Flexural  vibration.  Viscoelastic  damping 

The  effects  of  transverse  compressional  damping  in  the  vi- 
bratory response  of  three-layer  elastic-viscoelastic-elastic 
beams  are  considered  both  analytically  and  experimentally 
in  a mechanical  impedance  format.  The  relative  importance 
of  this  type  of  damping  is  assessed  through  comparison  with 
the  shear  damping  mechanism  inherent  in  the  composite 
using  the  Mead  and  Markus  model. 
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Inatabilitks  of  Tubular  Brains  Siniultanroualy  Sub- 
jertrtl  to  Internal  and  External  Axial  Flows 

M J Hannover  and  M P Paidoussis 
Dept,  of  Mech.  Engrg  , McGill  (Jniv.,  Montreal, 
Quebec,  Canada,  J Mech.  Des.,  Trans  ASME,  100 
(2),  pp  328  336  (Apr  1978)  7 figs,  18  refs 


Key  Words:  Beams,  Tubes,  Fluid-filled  containers.  Fluid- 
induced  excitation 

This  paper  examines  the  dynamics  and  stability  of  cylindrical 
tubular  beams  conveying  fluid  and  simultaneously  subjected 
to  axial  external  flow.  In  deriving  the  equation  of  small 
motions,  inviscid  hydrodynamic  forces  are  obtained  by 
slender-body  theory,  modified  to  account  for  the  boundary- 
layer  thickness  of  the  external  flow;  internal  dissipation  arxl 
gravity  effects  are  also  taken  into  account.  Solutions  are 
obtained  by  means  of  a method  similar  to  Galerkin's,  with 
the  eigenfunctions  approximated  by  Fourier  series.  Calcula- 
tions are  presented  for  tubular  beams  either  clamped  at  both 
ends  or  cantilevered.  It  is  shown  that  for  sufficiently  high 
flow  velocities,  either  internal  or  external,  the  system  i$ 
subject  to  divergence  and/or  flutter. 
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Key  Words:  Beams,  Variable  cross  section,  Cantilever  beams. 
Material  damping 

The  effects  of  boundary  cor>ditions  and  non-uniform  distri- 
bution of  the  damping  material  over  a beam  on  its  composite 
loss  factor  are  investigated  in  the  present  paper.  This  study 
indicates  that,  for  a cantilever  beam,  the  conventional  meth- 
od of  uniformly  applying  the  damping  material  over  the 
entire  length  of  the  beam  may  not  be  the  best  way  of  attain- 
ing good  damping.  An  alternative  tapered  distribution  of  the 
same  amount  of  damping  material,  which  is  thickest  at  the 
clamped  edge  and  thinnest  at  the  free  edge,  can  be  300  per 
cent  more  effective  in  damping  the  flexural  vibration. 
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Transform 
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Key  Words:  Beams.  Flexural  vibration.  Forced  vibration. 
Stiffness  coefficients.  Fast  Fourier  transform 

The  use  aod  importance  of  dynamic  stiffness  infiuerKe  co* 
efficients  in  flexural  forced  vibrations  of  structures  composed 
of  beams  are  described.  The  dynamic  forces  can  be  either 
harnwnic  or  general  transient  forces.  The  dynamic  influerKe 
coefficients  are  defined  in  the  Fourier  transform  plane,  are 
computed  there  and  are  given  in  Table  form  for  a uniform 
free-free  beam.  The  dynamic  problem  formulated  in  terms  of 
these  coefficients  is  reduced  to  a static  form.  The  dynamic 
response  is  obtained,  in  general,  by  a matrix  inversion  in  the 
Fourier  transform  plane  and  a numerical  inversion,  based 
on  the  Cooley-Tukey  algorithm,  of  the  transformed  solution. 
Structural  examples  of  forced  vibrations  of  a simple  beam 
arid  a rigid  frame  illustrate  the  use  of  dyrtamic  coefficients 
and  demonstrate  their  advantages  over  other  known  methods 
in  accuracy,  simplicity  of  formulation  ar>d  speed  of  com- 
putation. 
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A Finite  Klement  for  the  Vibration  Analysis  of 
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tion effects.  Flexural  vibration 

A Timoshenko  beam  finite  element  is  presented  which  has 
three  nodes  and  two  degrees  of  freedom  per  node,  namely 
the  values  of  the  lateral  deflection  and  the  cross-sectional 
rotation.  The  element  properties  are  based  on  a coupled 
displacement  field;  the  lateral  deflection  is  interpolated 
as  a quintic  polynomial  function  and  the  cross-sectional 
rotation  is  linked  to  the  deflection  by  specifying  satisfaction 
of  the  governing  differential  equation  of  moment  equilibrium 
in  the  absence  of  the  rotary  inertia  term.  Numerical  results 
confirm  that  this  procedure  does  not  preclude  convergence 
to  true  Timoshenko  theory  solutions  since  rotary  inertia 
is  included  in  lumped  form  at  element  ends. 
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Dynamic  Stability  of  Timoshenko  Beams  Resting  on 
an  Flastic  Foundation 
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Key  Words;  Beams,  Elastic  foundations,  Timoshenko  theory. 
Rotatory  inertia  effects.  Transverse  shear  deformation  ef- 
fects. Periodic  excitation 

A finite  element  model  is  developed  for  the  stability  analysis 
of  a TirTK>shenko  beam  resting  on  an  elastic  foundation  and 
subfected  to  periodic  axial  loads.  The  effect  of  an  elastic 
foundation  on  the  natural  frequencies  artd  static  buckling 
loads  of  hinged-hinged  arKi  fixed-free  Timoshenko  beams 
is  investigated.  The  regions  of  dynamic  instability  are  deter- 
mined for  different  values  of  the  elastic  foundation  constant. 
As  the  elastic  foundation  constant  increases  the  regions  of 
dynamic  instability  are  shifted  away  from  the  vertical  axis 
and  the  width  of  these  regions  is  decreased,  thus  making  the 
beam  less  sensitive  to  periodic  forces. 
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Dynamic  Coefficient  of  an  Flastically  Supported, 
Pre-SCressed  Beam 
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Key  Words:  Beams,  Elastic  foundations.  Axial  excitation. 
Transverse  shear  deformation  effects.  Rotatory  inertia  effects 

An  analysis  is  made  of  the  problem  of  vibrations  of  a beam 
with  an  axial  force  resting  on  elastic  foundation,  when  the 
beam  is  uniform  and  of  finite  length  and  is  subjected  to  an 
impulsive  load.  The  solution  is  presented  within  the  frame- 
work of  a beam  theory  which  includes  the  effects  of  shear 
deformation  and  rotary  inertia.  An  example  is  provided 
where  the  dynamic  coefficient  for  the  bending  moment  is 
calculated. 
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Vibration  of  the  Dnifomi  Spinning  Cable  with  Tip 
Mass 
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This  paper  presents  analyses  of  both  in-p(ane  and  out-of- 
plane free  vibrations  of  a uniform  cable  with  tip  mass  attach- 
ed to  a disk  turning  at  constant  rate  about  a fixed  axis. 
Included  in  the  analyses  is  the  development  of  small-argu- 
ment asymptotic  approximations  for  the  Legendre  functions 
of  the  first  and  second  kinds. 
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The  effect  of  kinematical  non-linearities  on  the  transverse 
vibration  modes  of  a damped  stretched  string  is  investigated 
using  the  asymptotic  method  of  Krylov,  Bogoliubov  and 
Mitropolskii.  It  is  shown  that  for  times  which  are  small 
compared  with  the  decay  time,  the  natural  frequencies 
are  increased  by  a term  which  is  proportional  to  the  square 
of  the  amplitude  of  vibration.  The  nature  of  this  term  is 
investigated  in  detail  for  a particular  set  of  boundary  con- 
ditions at  the  ends  of  the  string. 
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Subharmonic  vibrations  of  order  1/3  in  stretched  strings 
driven  by  a single-mode  planar  simple  harmonic  force  are 
investigated.  It  is  shown  that  both  planar  and  nonplanar 
subharmonic  resonances  can  occur.  Subharmonic  vibrations 
are  possible  only  if  the  amplitude  of  the  force  exceeds  a 
certain  critical  value  which  depends  upon  the  magnitude  of 
the  damping  coefficient.  The  stability  of  the  solution  is 
analyzed,  and  it  is  shown  that  the  region  of  stable  nonplanar 
vibrations  is  wider  than  that  of  stable  planar  vibrations. 
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This  paper  is  concerned  with  the  buckling  of  Euler's  rod  in 
the  presence  of  ergodic  random  damping.  For  a small  mean 
value  of  VISCOUS  damping,  superposed  by  an  ergodic  random 
damping  fluctuation,  it  is  shown  that  for  a sufficiently  small 
expected  value  of  the  fluctuation's  magnitude,  almost  cer- 
tain asymptotic  stability  can  be  guaranteed.  Moreover,  if 
the  expected  value  does  not  exceed  a certain  fraction  of  the 
damping's  mean  value,  the  critical  value  of  the  load  lor 
deterministic  damping  remains  the  stability  limit  despite  of 
the  randomly  superposed  damping  fluctuation. 
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Dynamic  Characteristics  of  Gas-Lubricated  Kxtemally 
Pressurized  Porous  Bearings  with  Journal  Rotation:  1 
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Key  Words:  Gas  bearings.  Bearings,  Damping  coefficients. 
Stiffness  coefficients.  Rotor-bearing  systems 

The  dynamic  stiffness  and  damping  coefficients  of  an  exter- 
nally pressurized  porous  bearing  with  journal  rotation  have 
been  calculated  theoretically  by  assuming  one-dimensional 
flow  through  the  porous  wall.  A periodic  disturbarKe  (dis- 
placement) is  imposed  on  the  journal  around  its  concentric 
position  and  the  dynamic  pressure  distribution  is  determined 
by  small  perturbations  of  the  modified  Reynolds  equation. 
Non-dimensional  stiffness  and  damping  coefficients  for 
various  design  conditions  are  calculated  numerically  using 
a digital  computer  arvd  presented  in  the  form  of  design 
charts  and  tables. 
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Vibrations  of  a Compressor  Blade  with  Slip  at  the 
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A simple  analytical  model  is  developed  to  represent  the  vi- 
brational behavior  of  a jet  engine  compressor  blade  in  its 
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fundamental  mode,  allowing  for  slip  at  the  root.  The  analysis 
is  compared  with  experimental  data  and  is  shown  to  accurate- 
ly modeli^e  the  important  phenomena  involved.  Implica- 
tions for  design  of  compressoi  arni  turbine  blades  to  optimize 
slip  damping  levels  are  briefly  discussed. 
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\n  Investifratioii  of  the  Aerodynamic  Noiae  Genera- 
tion Mechanism  of  Circular  Saw  Blades 
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Noisti  Ctmtrol  Services,  lr»c  , P O Box  5670,  Greens- 
boro, NC  27403,  Noise  Control  Engr  , 21  PP  ^ 

1 1 Uu)y/AuG  1978)  10  tigs,  18  rets 

Key  Words:  Saws.  Blades,  Tools.  Noise  generation 

Aerodynamic  disturbances,  created  near  the  periphery  of 
rotating  saw  blades,  are  the  dominant  noise  sources  for  most 
circular  sawing  machines  while  in  the  idling  condition.  In 
this  article,  an  acoustic  model  based  on  simple  dipole  source 
theory  is  developed  which  identifies  the  importance  of  tip 
speed  and  source  strength  in  the  noise  generation  process. 
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Concise  Buckling.  Vibration  and  Static  Analysis  of 
Structures  Which  Include  Stayed  Columns 
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The  substitute  columns  previously  used  to  give  exact  elastic 
critical  loads  of  individual  stayed  columns  also  give  their 
exact  member  equations,  which  represent  them  in  stiffness 
matrix  analyses,  very  economically.  A typical  example  in- 
dicates that  the  substitute  columns  give  the  member  equa- 
tions with  6%  of  the  effort  involved  In  a standard  sub-struc- 
ture  analysis  of  the  original  column,  or  2%  if  the  column  is 
symmetric  about  its  center. 
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Vibrations  in  Fluid-Saturated  Porous  Klastk  Cylin- 
ders 

M D lhajuddin 
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Taking  general  displacement  components  of  vibratory  mo- 
tion. the  problems  of  flexural  extensional  arxl  screw  vibra- 
tions in  fluid-saturated  poroelastic  cylinders  are  studied. 
Phase  velocity  and  group  velocity  are  presented  in  non- 
dimensional  form  tor  small  values  of  dimensionless  wave- 
length. 
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.A  Method  for  Calculating  the  Sound  Attenuation  in 
a Silencer,  Consisting  of  Finite  Sections  of  Bulk 
Reacting  Lining  in  a Cylindrical  Duct  with  Mean 
Flow 

O Brander  and  B Nilsson 
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A general  method  is  presented  for  taking  into  account  the 
reflection,  transmission,  and  propagation  of  all  relevant 
modes  in  a silencer,  consisting  of  finite  sections  of  bulk- 
reacting  lining  in  a cylindrical  duct  with  gas  flow.  The  general 
problem  is  thus  reduced  to  the  study  of  two  standard  prob- 
lems. The  first  Is  the  well  known,  but  not  yet  completely 
worked,  throw  problem  of  an  infinite  duct  with  bulk-reacting 
lining  and  flow.  Some  numerical  results  are  presented  which 
stress  the  Importance  of  an  often  overlooked  phenomenon 
in  this  connection  - the  so  called  amplifying  modes.  The 
second  problem  concerns  the  reflection  and  transmission 
properties  of  a junction  between  two  different  sections  of 
the  duct.  This  problem  is  solved  with  integral  equation 
methods  from  the  theory  ol  electromagnetic  wave  guides. 
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Boundary  Conditions  for  Modr-Matrhing  Antdysrs 
of  Coupled  Arouslir  Fields  in  Duets 
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Key  Words  Ducts,  Sound  propagation,  Modal  superposition 
method 

The  ntotie-matchinq  method  is  used  to  analyze  sound  propa- 
gation in  ducts  modeled  by  a series  of  segments.  Success- 
ful application  of  the  method  depends  on  adequately  specify- 
ing arxl  imposing  (he  bourKfary  conditions  used  to  match 
the  acoustic  fields  on  the  (unctions  between  segments.  Al- 
though the  boundary  conditions  may  be  derived  by  straight- 
forward physical  or  mathematical  arguments,  the  method 
by  which  they  must  be  imposed  in  order  to  produce  a well- 
posed  numerical  problem  is  not  always  clear.  To  illustrate 
this  point,  difficulties  erKOuntered  when  attempting  to  im- 
pose the  matching  conditions  for  a duct  with  a partial  trans- 
verse baffle  ate  discussed:  several  methods  of  approach  are 
considered.  Two  of  them  were  used  to  analyze  a complicated 
duct-cavity  system.  Samples  of  the  numerical  results  obtained 
are  given. 


Key  Words:  Ducts,  Ground  effect  machines.  Stability 

Linear  heave  stability  bournlanes  for  a fan-duct-plenum  air 
cushion  suspension  system  are  presented.  These  were  ob- 
tained by  using  a quasi-static  pressure-flow  relationship  for 
the  fan.  a finite  element  discretization  for  one  dimensional 
unsteady  duct  flow,  and  a lumped  capacitance  model  for  the 
plenum.  Some  results  obtained  from  a non-linear  analysis, 
in  which  the  method  of  characteristics  was  used  for  the  duct 
flow,  suggest  that  the  linear  approach  should  be  adequate 
for  practical  stability  calculations.  Comparisons  with  lumped 
parameter  models  indicate  that  here  the  duct  effect  is  as- 
sociated primarily  with  the  Inertance  of  the  air  in  the  duct. 
It  1$  also  shown  that  for  some  operating  conditions  the 
duct-plenum  system  behaves  as  an  Helmholtz  resonator. 
Good  agreement  is  obtained  with  an  earlier  transmission 
line  analysis  based  on  the  wave  equation. 
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The  far-field  sound  radiation  theory  for  a circular  duct  was 
studied  for  both  single-mode  and  multimodal  inputs.  The 
investigation  was  intertded  to  develop  a method  to  determine 
the  acoustic  power  produced  by  turbofans  as  a function  of 
mode  cutoff  ratio.  This  information  is  essential  for  the 
design  of  acoustic  suppressors  in  engine  ducts.  With  reason- 
able Simplifying  assumptions,  the  single-mode  radiation 
pattern  was  shown  to  be  reducible  to  a function  of  mode 
cutoff  ratio  only  (modal  indices  removed).  With  modal 
cutoff  ratio  as  the  dominant  variable,  multimodal  radiation 
patterns  can  be  reduced  to  a simple  explicit  expression. 
Radiation  patterns  for  cases  other  than  equal  modal  power 
are  presented  using  the  approximate  radiation  equation.  An 
approximate  expression  for  the  duct  termination  losses  as 
a function  of  cutoff  ratio  also  is  included. 
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Rotational  Vibration  with  Barklash:  Part  I 
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This  paper  considers  the  problem  of  dynamic  tooth  loads 
on  lightly  loaded  precision  class  gears  running  at  high  speed. 
It  provides  theoretical  and  experimental  explanations  of  the 
surprising  tact  that  lightly  loaded  gears  may  suffer  from  both 
pitting  and  tooth  breakage,  while  the  same  gear,  heavily 
loaded,  is  immune  from  such  damage.  In  the  theoretical 
part,  two  Realized  mathematical  models  - a two-mass 
system  and  a three-mass  system  - are  analyzed.  Both  models 
provide  for  consideration  of  time-varying  backlash  (back- 
lash is  a function  of  gear  angular  position)  as  well  as  impact 
and  displacement  excitations. 
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Flexible  couplings  are  grouped  into  four  basic  performance 
categories:  heavy  duty,  high  speed,  light  duty,  and  specialty 
fn  each  category  applications  of  representative  couplings 
are  indicated.  These  classifications,  based  on  load,  speed, 
and  damping  characteristics,  help  narrow  the  search  quickly 
to  the  most  likely  carxJidates. 
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Torqur-Liiniting  Devices 

R A Dvorak 

Helland  Research  & fnymeering,  Inc  , W^nnetonka, 
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1978)  8 figs 

Key  Words:  Torque  limiting  devices 

A general  design  criteria  of  mechanically  actuated  torque 
limiters  for  efficient  means  of  equipment  protection  is 
described. 
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.Acceleration  Waves  in  Klastic  Membranes 

J.l  Pop 
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This  work  is  devoted  to  a study  of  acceleration  waves  in 
isotropic,  inhomogeneous,  smooth,  non-linear,  elastic  mem- 
branes. The  wave  is  modeled  as  a curve,  moving  on  a fixed 
surface  in  space,  carrying  with  it  a finite  discontinuity  in 
the  acceleration  field.  The  method  employed  in  the  analysis 
is  the  analogue  of  the  singular  surface  theory  used  in  con- 
tinuum mechanics. 


PANELS 
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Dynamic  Resfionse  of  a Slmctiiral  Panel  by  Kololitrs 
Method 

C t S tjn(f  H C Mk  kr'Is,  .)i. 

School  of  Fnqrq.  Srtenco  and  Mtif  h . Gforqia  Inst  of 


Tech  , Atlanta,  GA  30332,  Inti  J Solids  Stmc  , 
1 4 (7).  pp  671  578  (19781  6 fiys,  4 taf)l(is.  6 rets 

Key  Words:  Rectangular  panels.  Panels.  Box  type  struc- 
tures, Bolotin  method.  Asymptotic  approximation 

Bolotin's  asymptotic  method  is  adopted  for  the  investiga- 
tion of  dynamic  response  of  a rectangular  structural  panel 
with  elastic  edge  constraints  resembling  a box  structure. 
Experimental  determination  on  the  frequency  response  is 
also  included  for  comparison  purpose.  The  method  is  proven 
to  be  extremely  versatile  in  solving  a broad  class  of  the  afore- 
mentioned problems. 


PIPES  AND  TUBES 


79-112 

Stability  and  Vibrations  of  Thick-Walled  Tubes 
Subjected  to  Finite  Twist  and  External  Pressun 

A f ftopmdf 

P.p!  of  t nqu)  SMOnios,  Middle  Ldsi  Tcnfi.  Uiiiv  , 
Ankcira,  Tuikey.  Inti  J Solids  Stiur.  1_4,  pp  716 
722  (1978)  4 Itqs.  1 7 refs 

Key  Words  Tubes.  Dynamic  stability 

Stability  and  small  vibrations  of  long,  thick-walled,  circular 
cylindrical  tubts  subjected  to  finite  twist  and  external 
pressure  are  investigated  using  the  theory  of  finite  elastic 
deformations  m conjunction  with  the  theory  of  small  defor- 
mations superposed  on  large  elastic  defoimations.  The 
material  of  the  tube  is  assumed  to  be  isotropic,  elastic,  homo- 
geneous and  incompressible.  A numerical  scheme  is  adopted 
to  solve  the  system  of  partial  differential  equations  and  the 
associated  boundary  cor>ditions  governing  the  problem.  The 
effect  of  finite  twist  on  the  fr'..>quencies  and  the  loss  of 
stability  due  to  uniform  external  pressute  is  displayed  by 
various  curves  relating  the  frequencies  to  initial  ladial  de- 
formation parameter. 


79-1 13 

Time  Domain  Idenlifiralioii  <il'  Slaiidiii"  Uate  I’a- 
rameters  in  (las  Piping  S\  .stems 

S R Ibtahmi  ami  t C Miknli  rk 

Oi'lil  nl  Mi'c  ti  I ngm  , aixt  Me  li.inn  s,  Okt  Donimrnu 
Univ  . Norliilk,  VA  2.'ii)08.  ,1  SmitHl  Vih  ti(l  (II. 
I'P  :M  31  (Sepl  8,  1978)  2 ligs.  2 l.iiiles.  10  rels 

Key  Words  Piping  systems.  Natural  frequencies.  Measure- 
ment techniques.  Time-dependent  parameters 

A method  lor  experimentally  determining  the  natural  tre- 
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quencies  arui  modal  prossufes  of  an  air  ot  ptpmg  system 
IS  presented.  Such  information  is  ot  interest  in  installations 
where  prussuie  pulsations  cuustMf  by  pumps  oi  compressors 
are  of  importance.  In  the  methor#  a time  domain  based  tech- 
nique is  used  which  was  originally  developoil  as  an  niterna 
live  to  frequerKy  response  methods  for  deteirnining  the  vi- 
bration parameters  fnatuial  frequencies,  modes,  damping 
factors)  of  structures,  to  avoid  difficulties  often  encountered 
in  interpreting  complex  and  non-concfusive  fretiuency 
response  data  such  as  arises  from  systems  having  numerous 
modes,  some  of  which  may  be  highly  damped  or  closely 
spaced  in  frertuency.  In  this  application,  a straight  steel  pipe 
with  a sourKi  source  at  one  end  and  closed  at  the  other 
end  was  used.  The  free  pressure  response  following  a lapidly 
swept  sinewave  input  was  recorded,  digitized  and  then  used 
in  a computational  procedure  based  on  a lumped  paramntei 
representation  of  the  system.  The  natural  fre<tuencies  and 
the  corresponding  modal  pressure  ratios  at  the  two  stations, 
thus  obtained,  are  compared  with  the  theoretical  values  aiuf 
values  obtained  from  a simple  frettuertcy  sweep.  It  is  im 
portant  to  mention  here  that  although  in  the  experiment 
reported  here  an  external  frequency  sweep  excitation  was 
used,  the  technique  works  as  well  with  free  decay  res|)onse 
after  a system  shut-off,  impulse  resfionsr?  or  random  re- 
sponses from  normal  system  operation. 


79- Mi 

The  Kffcrt  of'  Fluid  Visroaity  on  ('oiiphMl  TiibW 
Fluid  Vihrationa 

I T Yoh  and  S S Chi'ii 

Components  Tochnoloqy  Arqonno  Nation. li 

Lab.,  Arrjonnn,  IL  (K)4v?9,  .J  SonnrJ  Vib  . (3), 

pp  4b3467  (Aiiq  8,  1978)  9 fiqs.  1 labln.  b rets 

Key  Words;  Beams,  Tubes,  Fluid-induced  excitation 

This  paper  presents  an  analytical  study  of  coupled  vibration 
of  two  coaxial  tubes  separated  by  an  incompressible  viscous 
fluid.  Tube  vibrations  are  in  beam  modes  and  fluid  motion 
is  assumed  to  take  place  in  a plane  perpendicular  to  the 
axis  of  the  tubes.  First,  the  fluid  forces  acting  on  the  tubes 
associated  with  small  tube  dis|)lacements  are  obtained  in 
closed  form  based  on  the  linearized  two-<Jimcnsional  Naviei- 
Stokes  ertuaiion.  Then  free  and  forced  vibrafions  of  the 
coupled  tube/fluid  system  are  analyzed.  Finally,  numerical 
results  for  free  vibrations  of  simply  supported  tubes  are 
presented  for  several  cases  to  illustrate  the  effect  of  various 
system  parameters. 


PLATES  AND  SHELLS 

A(v  Nos  ?il  'i/,  133  Ibl,  197) 


■ I wial  amd  ThrsKrtiral  IKnaiiiN'  Analvsix  of 


f^arboii-ljrapliile  (^oiiipoKile  Shells 

A I i.iiiii  I dfi(j  8 I SiiiiJnuHi 

N.iVijI  UndpiwalPi  Systems  C(‘ntoi . Ni'wport,  HI 
07840.  Sluxk  Vili  Hull,  US.  N.ivat  Rds  tab. 
V\Oi  .,  Vol  48.  IM  3.  pp  33  37  (Sr*pt  1978)  1 tig, 
3 t.iblos,  3 rpfs 

Key  Words:  Shells,  Composite  structures.  Honeycomb 

structures.  Submergr'd  structures,  Urxierwdler  structures. 
Natural  frr>qunncies.  Mode  shapes.  Fluid-induced  excitation 

A comparison  between  experimental  and  theoietical  models 
of  a carbon-graphite/honeycomb  composite  shell  vibrating  in 
air  and  submerged  in  watei  is  presented.  Mode  shapes  and 
resonant  fioguencics  are  Kluntifiod  according  to  theory  and 
experiment  both  foi  in-air  and  in-watcr  vibration.  Excellent 
agreement  is  exemplified 


79-1  16 

Fn*e  \ ibratioiis  of  ('.imilar  (Cylinders  with  Loii^i- 
ttidiiial,  liilenor  Patiilioiis 

M H atui  ( Huytf 

Cuifri'H  All  Hi'st’.jivft  Mtq  Cu  . Hhoumx.  A/,  J Souik) 
Vil)  . (1).  pp  48  07  (S‘’pt  H.  19/H)  10  tiqs.  b 

tal>li:s,  75  u'ts 

Key  Words  Cyiinducai  sfrebs.  Free  vibration 

A method  foi  the  analysts  ol  the  free  vibrations  of  a circular 
cylindrical  shell  with  a longitudinal,  interioi  plate  is  develop- 
oii.  This  method  is  based  on  the  extended  Raylcigh-Ritz 
technique.  Separate  disftlaccmcnt  functions  are  assumed  for 
the  shell  and  plate.  Constraint  equations  are  used  to  enforce 
displacement  compatibility  between  the  plate  and  shell. 
Thr  importance  of  including  the  in-p(ane  degrees  of  free- 
dom of  the  plate  in  the  analysis  is  investigated.  Studies  arc 
made  to  determine  the  effects  on  the  system  frequencies 
and  modes  of  iigid  and  hingtKf  |oints  between  the  plate  aixJ 
shell  and  the  location  of  the  plate. 


7‘>-l  17 

l)yii«iiir  i)i‘fomiali<>ns  and  Stn's.srs  in  a Canliirvrr 
('■ylindriral  Slii-ll  |lnd<-r  linpulsivr  Loads 

S U|ih.ishi,  H Wiik.ii,  H M.ilsiiitMti),  dixl  I Ndk.ihiiiii 
I acuity  lit  I iii|i()  , Tokyo  Inst  ol  loch  . Ookayaina, 
Mcquto  ku,  Tokyo,  .),i('an,  Ht/ll  .ISMt , 21  (IM) 
PI'  l;^0«  121!.  (Au.i  Iil7H)  12  tM|s,  1 1 lofs 

Koy  Wolds.  Cylindrical  shells.  Cantilover  beams.  Flllgge's 
shall  thoory,  Wind-indiicnd  axcitation.  Seismic  excitation 
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In  this  paper  the  dynamic  dis.rlacemenls  end  stresses  ot  a 
cantilever  circular  cylirtdrical  shell,  which  is  suddenly  loaded 


by  shearing  forces  on  its  tree  edge,  are  analy/ed  within  the 
framework  of  Flugge's  shed  theory. 


79-118 

TuriiioiiaJ  Vibralioiijt  of  NotihoiiiofreneouN  (^yliiidt'rn 
and  Cylindrical  Shells 

B M and  R S [)ha!iwal 

Dfpt  of  Mechanics  arui  Statistics.  Ufiiv  of  Ccilciary. 
Alberta,  Canada  r2N  1N4,  Bull  At  ad  Polon  St  i , 
S*?r  Si  loth.  26  (3).  pp  167  163  {19781  5 tets 

Key  Words:  Circular  cylinders,  Cylindrical  shells.  Torsional 
vibration 

An  analysis  is  developed  for  the  torsional  oscillations  of  cir- 
cular cylinders  and  cylindrical  shells  in  which  the  density 
and  rigidity  vary  in  both  radial  {rl  as  well  as  axial  U)  direc- 
tions. The  shear  wave  velocity  is  assumed  to  be  constant  or 
a furKtion  of  the  radial  distance  but  independent  of  /.  The 
erjuation  of  motion  is  solved  for  some  particular  forms  of  the 
heterogeneity.  Finally,  the  frequency  equations  are  ob- 
tained for  many  different  cases. 


79-119 

Dynamic  lichaviour  (if  Thin  Cylindrical  Shells  Sub- 
jected to  Transient  Inner  Pressures 

S Sii/uki 

Dept  of  Aorondutical  t tnjit)  , Nagoya  Univ  , Chikusa 
ku.  Naqoya  464,  .lapan,  Nucl.  Ent|r,  Des..  ^ (3), 
PP  223  229  (St.'Pt  1978)  4 figs,  1 1 refs 

Key  Words:  CylirKfrical  shells,  Transient  excitation,  internal 
pressure,  Laplace  transformation 

Stress  analysis  is  carried  out  for  horizontal  thin  cylindrical 
shells  subjected  to  transient  inner  pressures  resulting  from  the 
closure  of  a terminal  valve.  The  velocity  of  water  at  a valve 
IS  adjusted  to  become  Uoe  The  relationships  between 
the  dynamic  hoop  stresses  acting  on  the  neutral  axis  of  the 
wall  of  a cylinder,  the  hydraulic  pressures,  the  dimensions 
of  a cylinder  and  time  are  obtained. 
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Wave  Propagation  in  a Cylindrical  Shell  with  Joiiif 
Discontinuity 

A.  Haran 

Naval  Undeiwator  Sysiojus  Coniur,  Newport,  Rl 
02840.  Shock  Vib  Btill  . U S.  Naval  Hus.  Lab., 
Proc.,  Vol  48.  Pt.  3.  pp  6361  (Sept  1978)  9 liiis, 
5 rets 


Key  Words  Cylindrical  shells.  Joints  (junctions),  Oiscon- 
tmuiiy-containing  media.  Wave  propagation 

The  effects  of  joint  discontinuity  on  wave  propagation  in 
a cylindrical  shell  are  investigated  in  this  paper.  The  joint 
discontinuity  consists  of  an  elastic  interlayer  at  the  joint  and 
stiuctural  discontinuity  of  the  joint.  The  transmitted  and 
reflected  efficiencies  are  found  for  several  cases  of  interest. 
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Charactcri/atiuii  of  Torpedo  Structural  Mudea  and 
Kesonaul  Frequencies 

CM,  Curtis,  R,H  Messier,  B.t.  Sandman,  and  R. 
Brown 

Naval  Underwater  Systems  Center,  Newport,  Rl 
02840.  Shock  Vib.  Bull.,  U.S.  Naval  Res  Lab.,  Proc,, 
Vol.  48,  Pt.  1,  pp  119  136  {Sept  1978)  24  ligs,  1 
table 

Key  Words:  Torpedoes,  Transient  response.  Shock  response, 
Resonant  frequencies.  Mode  shapes,  Shells.  Mathematical 
models.  Finite  element  technique 

A typical  torpedo  can  be  described  as  an  assembly  of  com- 
plex structures  contained  within  a ribbed  shell  of  variable 
shape  and  thtcknnss.  For  this  c.-ason,  the  generality  embodied 
in  the  finite  elemen  method  lends  itself  well  to  the  construc- 
tion of  an  analytical  model  of  a torpedo  structure.  In  the 
present  study  a torpedo  shell  is  modeled  with  plate  and 
beam  elements  which  internal  components  are  represented 
as  discrete  masses  on  spring  mounts.  Analytical  procedures 
and  test  data  were  used  to  formulate  the  various  internal 
component  models. 
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Vibration  Analysis  of  Hyperbolic  Cooling  Towers 
Due  to  Farthquake  Kxcilalioiis 

H,  Kondo 

Ishikciwajima  Hdr iitia  Heavy  Industries  Co.,  Ltd.. 
Tokyo.  Japan,  Bull.  JSMf,  21  (157).  pp  1095  1102 
(July  1978)  10  figs,  9 refs 

Key  Words:  Cooling  towers,  Hyperbolic  parabolic  shells, 
Reinforced  concrete,  Seismi*'  response 

The  hyperboloidal  shells  of  revolution  supported  on  columns 
have  been  used  effectively  as  natural  draft  cooling  towers 
of  reinforced  concrete.  The  purpose  of  this  paper  is  to 
analyze  the  dynamic  response  of  hyperbolic  cooling  towers 
to  earthquake  excitations.  Taking  the  propagating  velocity 
of  earthquake  excitations  into  account,  the  author  shows 
that  hyperbolic  cooling  towers  oscillate  not  only  in  beam 
vibration  modes  but  also  in  such  higher  vibration  modes  as 
ovalization  of  their  cross  sections. 
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NASTRAN  And  SAP  IV  Applications  on  the  Seiaiiir 
Rraponse  of  (lolumn-Supported  Cooling  Towers 

C.S.  Gran  and  T Y Yang 

School  of  Aeronautical  and  Astronautical  Engrg., 
Purdue  Univ.,  West  Lafayette,  IN  47907,  Computers 
Struc.,^  (6),  pp  761  768  (June  1978)  10  figs,  15  refs 
Sfwnsored  by  the  U S National  Science  Foundation 

Key  IMords:  Cooling  towers.  Shells,  Seismic  response.  Com- 
puter programs,  NASTRAN  (computer  program),  SAP 
(computer  program) 

Hyperboloidal  reinforced-concrete  shells  are  modeled  using 
orthotropic  quadrilateral  flat  plate  finite  elements.  The 
supporting  columns  artd  top  ring-beam  are  modeled  by 
beam  finite  elements.  Natural  frequencies  and  corresponding 
mode  shapes  are  found  for  several  different  tower  configura- 
tions. Results  for  fixed-base  shells  are  in  close  agreement 
with  those  determined  using  alternate  methods  of  analysis. 
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In-Plane  Vibration  of  Plates  by  Continuous  Mass 
Matrix  Method 

B.  Ovunc 

Dept,  of  Civil  Engrg.,  Univ  of  Southwestern  Louis- 
iana, P.O.  Box  4-0172,  Lafayette,  LA  70504,  Cont- 
puters  Struc.,^  (6),  (ip  723-731  (June  1978)  14  figs, 
3 tables,  24  refs 

Key  Words;  Plates,  Vibration  response.  Matrix  methods. 
Finite  element  technique 

The  continuous  mass  matrix  method  derived  for  frameworks 
is  extended  to  the  analysis  of  in-plane  vibration  of  plates. 
A continuous  mass  distribution  which  is  the  same  as  the 
actual  mass  distribution  of  the  plate  is  considered  over  each 
rectangular  finite  element.  Taking  into  account  that  the 
rigid  body  movement  produces  inertial  forces  in  dynamic 
analysis  for  a rectangular  plate  element  eight  independent 
conditions  are  provided  to  satisfy  eight  independent  free- 
doms. Each  condition  is  obtained  from  an  independent 
displacement  distribution  satisfying  the  equations  of  motion 
at  any  point  of  the  element  and  not  only  at  the  nodes  of  the 
rectangle.  The  dynamic  element  stiffness  matrix  thus  obtain- 
ed is  a function  of  the  natural  circular  frequency.  The  limit 
of  the  dynamic  element  stiffness  matrix  when  the  value  of 
the  natural  circular  frequency  tends  to  zero  is  the  static, 
stress  compatible  element  stiffness  matrix.  The  analysis 
of  plates  under  forcing  forces  is  performed  by  modal  analysis 
after  the  natural  circular  frequencies  and  the  corresponding 
modal  shapes  h9/e  been  obtained  from  the  free  vibrations, 
for  all  the  forcing  forces  are  assumed  to  be  function  of  the 
same  time  variation. 
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Natural  Frequencies  of  a Four  Point-Supported 
Rectangular  Plate  Uaiiig  the  Rayleigh-RiU  Method 

J Kerstens 

Space  Dept.,  Royal  Netherlands  Aircraft  Factories 
Fokker,  Schiphol  Dost,  Rept  No.  FOK  RV-77  38, 
38  pp  (Mar  1977) 

N78-25450 

Key  Words:  Plates,  Solar  cells.  Natural  frequencies.  Funda- 
mental frequency,  Rayleigh-Ritz  method 

In  the  design  of  solar  panels  the  first  natural  frequency  must 
be  as  high  as  possible  for  a plate  supported  by  four  hold 
down  points.  The  energy  method  is  used  to  obtain  the 
furtdamental  frequency  of  this  plate.  This  fundamental 
frequency  is  computed  using  the  Rayleigh-Ritz  method. 
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Finite  Strip  Models  for  Vibration  of  Mindlin  Plates 

D.J  Dawe 

Dept,  of  Civil  Engrg.,  The  Univ.  of  Birmingham, 
Birmingham  B15  2TT,  UK,  J.  Sound  Vib.,  M (3), 
pp  441-452  (Aug  8,  1978)  5 figs,  6 tables,  18  refs 

Key  Words;  Rectangular  plates.  Flexural  vibration.  Finite 
strip  method,  Mindlin  theory.  Transverse  shear  deformation 
effects.  Rotatory  inertia  effects 

Four  finite  strip  models  are  developed  for  the  flexural  vi- 
bration analysis  of  rectangular  plates  based  on  Mindlin  theory 
which  takes  account  of  transverse  shear  deformation  and  of 
rotary  inertia.  The  strips  are  simply  supported  at  their  ends 
and  differ  one  from  another  in  the  order  of  interpolation 
employed  to  represent  the  variation  of  each  of  the  plate 
deflection  and  the  two  rotations  across  the  strip.  The  four 
models  are  based  in  turn  on  quadratic,  cubic,  quartic  and 
quintic  interpolation.  Numerical  results  are  presented  of 
applications  of  the  strip  models  to  the  calculation  of  the 
natural  frequencies  of  both  thin  and  moderately  thick 
plates.  The  influence  that  the  assumed  value  of  the  shear 
coefficient  has  on  natural  frequencies  is  considered  for  two 
particular  moderately  thick  plates. 
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Use  of  Asymptotic  Solutions  from  a Modified  Bolotin 
Method  for  Obtaining  Natural  Frequencies  of  Clamp- 
ed Rectangular  Orthotropic  Plates 

K.  Vijayakumar  and  G.K.  Ramaiah 

Dept  of  Aeronautical  Engrg.,  Indian  Inst,  of  Science, 

Bangalore  560012,  India,  J.  Sound  Vib.,  59  (3), 
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Key  \Nords:  Rectanguiar  plates,  Maturat  frequencies,  Flexur- 
af  vibration.  Bolotin  method.  Asymptotic  approximation. 
Rayleigh'Rit;  mothcKi 

Solutions  of  the  pioblem  of  flexural  vibration  of  clamped 
rectangular  orthotropic  plates  are  initially  obtained  by  a 
modified  Bolotin's  asymptotic  method  and  these  solutions 
are  then  used  as  admissible  functions  in  the  Rayleigh-Rit/ 
method.  Estimates  of  frequencies  obtained  by  the  modified 
Boiotin.  Rayleigh  and  Kayleigh-Rit;  methods  are  presented. 
Accuracies  of  these  estimates  are  discussed  in  detail. 
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Transverne  Vibration  of  a Koclan^ilar  Plate  Klas- 
tioally  Kestrained  AfrainsI  Rotation  Along  Tlin*e 
Ktiges  and  Free  on  the  Fourth  Fdge 

P A A Ldutd  <j/hJ  H C7tossi 

Inst,  of  Applit^fi  Mi’(  fijinu's,  8111  F^umio 

Belqrano.  Aiqentirid,  ^ Sound  Vih  , M (3),  pp  355 
368  (Auq  8.  1978)  9 (iqs,  5 laPIt's,  9 refs 

Key  Words;  Rectan^lar  plates.  Flexural  vibration,  Ritz 
method 

A literature  search  has  shown  that  the  title  problem  has 
received  no  treatment.  In  the  present  study  the  problem  is 
solved  by  the  Ritz  method  with  deflection  functions  which 
are  simple  polynomials.  Frequency  coefficients  for  the  funda- 
mental mode  and  two  other  higher  natural  dynamic  states 
are  presented. 
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Fre<*  Vibration  Analysis  of  Rectangular  Plates  with 
Inelastic  Lateral  Support  on  the  Diagonals 

D J Goiniiin 

Depi  of  Mt'ch.  rnqiq,,  Univ  of  Otl.iWii,  Ottiiwd. 
Canadit,  J Arorist  Sor  Anior  , fVl  (3),  f>p  823 
826  ISt^pt  1978)  2 fiqs,  1 tiiblo,  10  rofs 

Key  Words:  Rectangular  plates.  Free  vibration 

An  analytical  solution  is  obtained  for  the  problem  of  the 
free  vibration  of  a rectangular  plate  with  simple  support 
at  the  edges  and  inelastic  lateral  support  along  one  diagonal. 
The  solutiorr.  of  the  double  sine  series  type  introduced  by 
Navier,  can  readily  be  extend^nf  to  plates  with  similar  support 
on  both  diagonals  ar>d  different  kinds  of  edge  support. 
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A Sciiii-Analytic  Solution  for  Free  Vibration  of  Rect- 
angular Plates 

M.  Mukfu)|>adhv«iY 

Dt'pt-  of  Niival  An hitoctufo,  Ind.an  Inst,  of  Tech., 
KM.ifiUjfHit  721  v02,  India,  J.  Sound  Vth  , 60  (1 1. 
PP  71  85  (Se|>l  8,  1978)  6 fiijs,  9 tables,  11  refs 

Key  Words;  Rectangular  plates.  Free  vibration 

By  substituting  the  basic  function  satisfying  boundary 
conditions  along  two  opposite  edges  in  one  direction  of  the 
plate  and  then  using  a suitable  transformation,  the  free  vi- 
bration equation  of  the  shape  function  of  the  plate  is  reduced 
to  an  ordinary  differential  equation.  The  resulting  equation 
is  expressed  in  finite  difference  form.  The  problem  is  thus 
transformed  into  an  eigcnviaue  problem  which  on  solution 
yields  the  natural  frequencies  of  free  vibration  of  plates. 
Examples  have  been  presented  for  a variety  of  plates  having 
different  boundary  conditions  and  having  constant  and  var- 
iable thickness.  Excellent  accuracy  has  been  obtained. 
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llppor  and  Lower  Uounds  to  the  iNatural  Frequencies 
of  Vibration  of  C.lainued  Kectaneular  Orthotropic 
Plates 

R D.  IVItiiun()oni,  L M Cook,  jiid  N.  Bdsavdnhallv 
Di’pt  ol  Moi  li  t n()t(i  , LIniv.  of  Pittsburgh,  Pitts- 
buigh,  PA  H>2bl,  lull  ,1  Solids  Sbuc.,  14,  pp  611 
623  (1978)  11  ligs,4  Idblos,  16ri'ls 

Key  Words;  Natural  frequencies.  Rectangular  plates.  Ortho- 
tropism 

The  Raylelgh-Ritr  technique,  using  clamped  beam  eigen 
functions,  has  been  employed  to  determine  the  upper  bounds 
for  the  eigenvalues  for  a clamped  orthotropic  plate.  The  de- 
composition technique  alter  Barely  and  Fox  has  been  used 
to  estimate  the  lower  bounds  lor  the  first  few  natural  fre- 
quencies. The  estimates  for  the  uppei  bounds  have  been 
evaluated  lor  all  modes  by  not  imposing  any  restriction  on 
the  symmetry  conditions.  Variations  ol  the  first  two  natural 
frequencies  for  various  rigidity  and  aspect  ratios  which  can 
be  ol  some  use  to  the  designers  are  presented.  Also  the  upper 
and  lower  bounds  for  the  first  few  natural  frequencies  are 
tabulated.  Comparison  of  the  results  for  special  cases  with 
other  reported  data  have  been  made  whenever  such  results 
are  available. 


79-132 
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Univ  of  Calitoinia,  Irvino,  CA  92717.  Coiiiputeis 
StruL  ,_9  (1),  pp  89-95  (1978)  3 (iys,  2 tables,  15  refs 

Key  Words;  Rings,  Circular  plates.  Vibration  response. 
Finite  element  technique 

The  asymmetric  vibration  and  stability  of  circular  and  an- 
nular plates  using  the  finite  element  method  is  discussed. 
The  plate  bending  model  consists  of  one-dimensional  cir- 
cular and  annular  ring  segments  using  a Fourier  series  ap- 
proach to  model  the  problem  asymmetries.  Using  displace- 
ment functions  which  are  the  exact  solutions  of  the  static 
plate  bending  equation,  the  stiffness  coefficients  corre- 
sponding to  the  1st  arxl  nth  harmonics  are  used  in  closed 
form.  Several  numerical  examples  are  presented  to  demon- 
strate the  efficiency  and  accuracy  of  the  finite  element 
model  with  that  of  classical  methods. 
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(Also  see  No.  132) 
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Dynamic  Stability  of  Annular  Plates  Under  Periodic 
Radial  Loads 

J TaniandT  Nakarrnira 

Inst  of  High  Speed  Mechanics,  Tohoku  Univ.,  Sendai, 
Japan,  J Araust  Soc.  Amer.,  ^ (3),  pp  827-831 
(Sept  1978)8  figs,  13  refs 

Key  Words;  Rings,  Plates,  Periodic  excitation 

The  dynamic  stability  of  clamped  annular  plates  of  which 
both  the  edges  are  subjected  to  the  same  periodic  radial  loads 
is  studied  theoretically.  The  Galerkin  procedure  is  used  to 
reduce  the  problem  to  that  for  a finite  degree-of-freedom 
system,  the  stability  boundaries  of  which  are  determined 
by  utilizing  Hsu's  result  for  coupled  Hill's  equations.  For 
three  typical  annular  plates,  the  instability  regions  of  both 
principal  and  combination  resonances  are  determined  for 
a wide  range  of  exciting  frequencies  with  the  effect  of  static 
compressive  forces  taken  into  consideration. 
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Reaponar  of  a firlical  Spring  Cunaidcring  Hyatcmtic 
and  Viacoua  Damping 

P F MIdkar  and  R.E  Walker 

U S Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS,  Shock  Vib.  Bull.,  U.S.  Naval  Res. 
l ab  , Proc.,  Vol  48,  Pt  2,  pp  63-74  (Sept  1978) 
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Key  Words;  Helical  springs,  Hysteretic  damping.  Viscous 
damping.  Resonant  response.  Mathematical  models 

An  analytical  model  of  a helical  spring  is  developed  which 
includes  distributed  mass,  viscous  damping,  and  hysteretic 
damping.  The  limiting  effects  of  both  types  of  damping  on 
the  resonant  response  are  discussed.  The  model  is  seen  to 
compare  reasonably  with  existing  experimental  data. 
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Vibration  of  Structural  Members  Caused  by  Non- 
stationary Kxcitation  (Bautverksscbwingung  infolge 
nichtstationaerer  Erregung) 

P.  Klippel 

Technische  Univ.,  Beilin,  West  Germany,  Rept.  No. 
ILR-Ber  24,  102  pp  (1977) 

(In  German) 

N78  25460 

Key  Words;  Structural  members.  Parametric  response 

Numerical  parameterization  methods  are  developed  for 
predicting  responses  of  structures  and  structural  members 
to  dynamic  loads.  Application  of  oscillatory  velocities  for 
estimating  dynamic  loads  acting  on  vibrating  structures 
establishes  a correlation  between  extreme  bending  stress  and 
extreme  oscillation  velocity,  regardless  whether  stationary/ 
periodic-  or  transient-excitations  are  applied. 
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Dynamic  Rrtiponsc  of  Structures  in  Frequency 
Domain 

A M S A.  Abdelrahinan 

Ph  D.  Thesis,  Polytechnic  Inst,  of  New  York,  83  pp 
(1978) 

UM  781 6740 

Key  Words:  Frequency  domain.  Wind  induced  excitation. 
Structural  response,  Seismic  excitation 

The  primary  purpose  of  this  investigation  is  the  evaluation 
of  the  dynamic  response  of  structures  using  frequency 
domain  method.  The  present  dissertation  contains  two 
parts.  Part  I deals  with  the  subcritical  excitation  and  dy- 
namic response  of  structures  in  frequency  domain.  Pert  If 
deals  with  the  along-wind  gust  effect  on  elevated  structures. 
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Analytical  and  Numerical  Investigation  of  Structural 
Response  of  Compliant  Wall  Materials.  Part  1 

R Balasiibramanian 

Old  Dominion  Univ  , Norfolk,  VA,  Rept  No  NASA 
CR  2999,98  pp  (May  1978) 

N78  25458 

Key  Words;  Walls,  Nonlinear  response 

Surface  motion  of  compliant  walls  in  drag  reduction  ex- 
periments was  analyzed.  Critical  comparison  was  made  be- 
tween the  dynamic  motion  of  the  structure  and  the  postu- 
lated mechanism  of  drag  reduction.  The  spectrum  of  surface 
motion  indicated  that  membranes  over  deep  cavities  respond 
at  low  frequencies  and  large  wavelengths.  Computer  programs 
developed  for  these  analyses  are  documented. 
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Karthquake  Resistant  Structural  Walls  - Tests  of 
Coupling  Beams 

CB  Barney,  K N Shm,  BG  Ratibal,  <ind  Af 
Fioraio 

Construction  Technology  Labs , Portland  Cement 
Assn.,  Skokie,  IL  , Rept  No.  NSF/RA  760844, 
142  pp  (Oct  29,  1976) 
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Key  Words;  Earthquake  resistant  structures.  Walls,  Beams. 
Reinforced  concrete.  Dynamic  tests 

Design  criteria  for  reinforced  concrete  structural  walls  used 
as  lateral  bracing  in  earthquake  resistant  buildings  are  being 
developed  Tests  are  conducted  to  investigate  the  behavior 
of  reinforced  concrete  coupling  beams  under  reversing  loads. 
This  report  covers  test  details  and  preliminary  results  for  the 
first  six  coupling  beam  tests.  Four  specimens  with  diagonal 
reinforcement  and  two  with  no  diagonal  reinforcement  were 
tested. 
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Structural  Wails  in  Karthqiiakr  Resistant  Structures: 
Analytical  Investigation  - Dynamic  Analysis  of 
Isolated  Structural  Walls  - Parts  A and  B 

|yi  Finiel,  A T Derecho,  S K.  Ghosh,  M lqb.il, 
and  G.N  Freskakis 

Construction  Technology  Labs.,  Portland  Cement 
Assn,  Skokie,  IL.,  Rept  No.  NSF/RA-760849. 
285  pp  (Oct  1976) 

PB-281  623/9GA 


Key  Words:  Earthquake  resistant  structures.  Walls,  Com- 
puter aided  techniques 

The  objectives  of  the  first  part  of  this  analysis  are  to  evaluate 
the  relative  influence  of  various  structural  and  grourtd  motion 
parameters  on  the  dynamic  response  to  shear  forces  and 
deformations  in  critical  regions  of  structural  walls;  to  deter- 
mine estimates  of  critical  force  and  deformation  require- 
ments in  hinging  regioiis  of  structural  walls  corresponding 
to  different  combinations  of  earthquake  intensity  and  the 
significant  structural  parameters;  and  to  correlate  data  on 
critical  dynamic  response  with  data  from  laboratory  tests 
of  isolated  walls  under  reversing  loads  to  arrive  at  recom- 
mendations on  design  force  levels. 
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Static  and  Dynamic  Analy.<ii8of  Cast  and  Cast  Carcass 
Tires 

J.R.  Hampton 

Air  Force  Flight  Dynamics  Lab.,  Wright-Patterson 
AFB,  OH,  Rept  No.  AFF DL  TR-78-42,  94  pp 
(Mar  1978) 
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Key  Words:  Aircraft  tires.  Dynamic  tests 

The  AFFDL/FEM  initiated  a program  to  establish  the  poten- 
tial of  cast  tires  for  application  to  Air  Force  aircraft.  This 
program  involved  the  analysis  of  seventy-five  (75)  cast 
6.00-6  Type  III  aircraft  tires  which  were  rotationally  cast/ 
molded  from  a thermoplastic  polyester  elastomer  material 
(Flytrel).  These  tires  have  a continuous  toroidal  construction 
and  do  not  have  textile  reinforcement  or  bead  bundles.  The 
first  of  a two  phase  program  involved  static  and  dynamic 
analysis  of  off-the-shelf  light  industrial  vehicle  cast  tires 
which  had  a rated  maximum  loading  of  415  lbs  and  rated 
maximum  speed  of  10  mph.  The  second  phase  of  this  in- 
house  test  program  resulted  in  a 6.00-6  size  cast  tire  which 
satisfactorily  passed  89  laboratory  dynamometer  qualifica- 
tion taxi  takeoff  cycles. 
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Cylindrri:  Softening  the  Blow 

B L Rich 

Cylinder  Div.,  Parker  Hannifin  Corp.,  Des  Plaines, 
IL,  Mach.  Des  , M (12),  PP  66-69  (May  25,  1978) 

Key  Words:  Energy  absorption 

Four  types  of  commercially  available  cylinder  cushions  for 
absorbing  impacts  caused  by  speeding  pistons,  are  described. 
Straight-spear  cushions  are  the  most  common,  but  stepped- 
spear  and  tapered-spear  cushions  are  also  widely  used.  Piccolo 
cushions  have  excellent  deceleration  characteristics,  but 
because  of  their  high  cost,  they  are  usually  custom-designed 
units.  Optimum  terminal  velocities  of  the  cylinder  and  the 
selection  of  proper  cushion  is  discussed. 
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Damping  High-Pressure  Low-Flow  Eneigy  Instan- 
taneously 

M l Korytko 

Erie  Press  Systems,  An  EFCO  Company,  Erie,  PA, 
Hydraulics  and  Pneumatics,  (4),  pp  55-57  (Apr 
1978)  5 figs 

Key  Words:  Hydraulic  presses.  Energy  dissipation 

A hydraulic  blanking  press  is  described  which  dissipates  the 
energy  of  1000  tons  of  force  at  3000  psi  in  less  than  0.1 
seconds,  by  means  of  catching  cylinders  built  into  the  lower 
platten  of  the  press.  The  cylinders  stop  the  ram  automati- 
cally the  moment  the  punch  breaks  through  the  steel  plate, 
preventing  an  overstroke  of  the  punch.  The  low-flow  shock 
waves  thus  generated  are  dissipated  by  specially  designed 
non-mechanical  shock  dissipators  immediately  downstream 
of  the  catching  cylinders. 
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Testing  Piping  Constraint  Energy  Absorbers  for 
Reactor  Containment  Applications 

R C Yaeger  and  R C Chou 

Franklin  Institute  Res  Labs,  Philadelphia,  PA., 
Shock  Vib  Bull,,  U S Naval  Res  Lab.,  Proc.,  Vol. 
48.  Pt  2,  pp  16M81  (Sept  1978)  15  figs,  1 ref 

Key  Words:  Energy  absorption.  Piping  systems.  Nuclear 
reactor  containment 

An  experimental  program  is  described  to  test  a design  con- 
cept for  durable  low  cost  energy  absorbers  to  be  used  as 
piping  constraints  in  reactor  containment  structures. 
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Multi-Variable  Optiiiiixaiion  for  Vibration  Isolation 
of  Road  Vebiclea 

E.  EsmaiUadeh 

Dept,  of  Mech.  Engrg.,  Arya  Mehr  Univ.  of  Tech., 
Tehran,  Iran,  Shock  Vib  Bull.,  U.S.  Naval  Res.  Lab., 
Proc.,  Vol.  48,  Pt.  2,  pp  85-96  (Sept  1978)  8 figs, 
8 refs 

Key  Words:  Shock  absorbers.  Interaction:  vehicle-terrain. 
Vehicle  rsu>onse.  Vibration  control 

The  transmission  of  road-generated  vibrations  into  a vehicle 
body  is  treated  as  a source-path-receiver  problem.  The  sus- 
pension system  acts  as  the  path,  and  improved  isolation  can 
be  achieved  by  having  a single  compliant  bushing  at  the 
connecting  point  of  the  shock  absorber  to  the  body  with 
none  at  the  other  end.  A mathematical  model  is  derived 
for  such  a system  and  an  expression  for  the  absolute  displace- 
ment transmissibility  of  the  body  and  that  of  the  wheel  is 
derived.  An  optimization  procedure  is  applied  in  order  to 
evaluate  the  optimum  values  of  the  non-dimensional  variables 
involved. 
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A Modal  Control  Approach  for  Active  Control  of 
Multi-Story  Structures 

C.R.  Martin 

Ph.D.  Thesis,  State  Univ,  of  New  York  at  Buffalo, 
84  pp  (1978) 

UM  7817063 

Key  Words:  Multistory  buildings.  Wind  induced  excitation. 
Active  damping 

A problem  of  considerable  current  interest  in  structural 
engineering  is  the  design  of  active  control  systems  for  civil 
engineering  structures.  While  the  problem  of  active  structural 
control  can  be  formulated  based  on  classical  optimal  control 
theory,  the  combination  of  structural  flexibility,  dimension, 
and  weight  presents  unique  problems  with  respect  to  real- 
time controllability,  control  implementation,  and  economic 
feasibility.  In  this  dissertation  the  concept  of  modal  control 
is  offered  as  a possible  design  technique  for  active  structural 
control  systems.  The  control  objective  is  to  affect  direct 
changes  of  specific  dynamic  modes  and  stiffness  of  the 
system,  artd  this  is  possible  when  the  motion  of  the  structural 
system  consists  mainly  of  a limited  number  of  separable 
modes. 
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Cfmmunity  Noiae  Kxpomre  Resulting  from  Aircraft 
Operations.  Volume  5.  Acoustic  Data  on  Air  Force 
Propeller  Aircraft 

J.D  Speakrnan,  R G.  Powell,  and  R A Lee 
Aerospace  Medical  Res.  Lab.,  Wright  Patterson  AFB, 
OH,  Rept.  No.  AMRL  TR-73-1 10-VOL-5,  703  pp 
(Feb  1978) 

AD  A055  079/8GA 

Key  Words:  Aircraft  rtoise.  Noise  measurement 

This  series  of  reports  present  the  results  of  field  test  mea- 
surements to  define  the  noise  produced  on  the  ground  by 
military,  fixed  wing  aircraft  during  controlled  level  flyovers 
and  ground  runups.  For  flight  conditions,  data  are  presented 
as  a function  of  angle  and  distance  to  the  aircraft.  All  of  the 
data  are  normalized  to  standard  acoustic  reference  cortditions 
of  59  F temperature  and  70%  relative  humidity. 
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Low  Frequency  Cabin  Noise  Reduction  Based  on  the 
Intrinsic  Structural  Tuning  Concept:  The  Theory  and 
the  Kxperimental  Results.  Phase  2 

G SenGupta 

Boeing  Commercial  Airplane  Co..  Seattle.  WA,  Rept. 
No.  NASA-CR- 145262;  D6-44283;  D748-10113-3, 
104  pp  (Mar  1978) 

N78-24900 

Key  Words:  Aircraft,  Noise  reduction.  Vibration  tuning. 
Vibration  damping 

Low  frequency  cabin  noise  and  sonically  induced  stresses 
in  an  airacraft  fuselage  may  be  reduced  by  intrinsic  tuning 
of  the  various  structural  members  such  as  the  skin,  stringers, 
and  frames  and  then  applying  damping  treatments  on  these 
members.  The  concept  is  also  useful  in  identifying  the  key 
structural  resonance  mechanisms  controlling  the  fuselage 
response  to  broadband  random  excitation  and  in  developing 
suitable  damping  treatments  for  reducing  the  structural 
response  in  various  frequency  ranges.  The  mathematical 
proof  of  the  concept  and  the  results  of  some  laboratory  and 
field  tests  on  a group  of  skin-stringer  panel*  are  described. 
In  the  so-called  stiffness-controlled  region,  the  noise  trans- 
mission may  actually  be  controlled  by  stiffener  resonances, 
depending  upon  the  relationship  between  the  nature)  fre- 
quencies of  the  skin  bay  artd  the  stiffeners.  Therefore, 
cabin  noise  in  the  stiffness-controlled  region  may  be  effec- 
tively reduced  by  applying  damping  treatments  on  the  stiff- 
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Calculation  of  Natural  Frequenciea  and  Mode  Shapes 
of  Mass  Loaded  Aircraft  Structures 

P.W.  Whaley 

Air  Force  Flight  Dynamics  Lab.,  Wright-Patterson 
AFB,  OH,  Shock  Vib.  Bull.,  U S.  Naval  Res.  Lab., 
Proc.,  Vol.  48,  Pt.  3,  pp  13-20  (Sept  1978)  5 figs, 
4 tables,  6 refs 
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Random  vibration 

Aircraft  optical  packages  are  forced  by  the  local  random 
vibration  response  characteristics  of  the  airframe.  Hence, 
the  vibration  characteristics  must  be  known  by  the  designer 
of  optical  packages.  However,  since  the  environment  changes 
with  the  addition  of  the  electro-optical  system,  it  is  neces- 
sary to  predict  the  modified  vibration  environment,  either 
by  flight  testing  with  mass  simulations  or  conducting  struc- 
tural analysis.  This  paper  poses  the  problem  of  loaded  ran- 
dom vibration  response  estimation  using  Galerkin's  method, 
a direct  method,  and  a generalized  coordinates  approach. 
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Analytical  and  Experimental  Fatigue  Program  for  the 
Kfir  Main  and  Nose  Landing  Gears 
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The  fatigue  program  began  in  the  detail  phase;  next  came  the 
development  of  loading  spectra  used  for  analysis  attd  test. 
A fatigue  analysis  was  then  performed  for  several  suspected 
critical  locations  on  both  gears.  A flight-by-flight  test  was 
performed  on  both  landing  gears  with  the  aim  of  demon- 
strating four  service  lifetimes  of  operation.  Design  modifica- 
tions wore  introduced,  based  on  the  results  of  these  tests. 
Rational  inspection  and  replacement  intervals  were  establish- 
ed for  the  main  and  nose  gear,  some  of  which  require  moni- 
toring of  aircraft. 
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Effect  of  Loading-Program  Modifications  in  Rotating- 
Bending  Tests  on  Fatigue  Damage  ('.umulation  in 
Aircraft  Material  Specimens 

A Buch 
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Multilevel  rotating  bending  block  tests  were  performed  and 
the  effect  of  stress  peaks  on  the  damage  sum  of  notched 
aircraft  material  specimens  was  investigated.  Test  results 
were  compared  from  the  view  points  of  the  residual  stress 
concept  and  of  the  nonlinear,  stress  dependent  damage 
cumulation  approach.  The  residual  stress  concept  seems  to 
be  valid  not  only  for  nonsymmetrical  axial  loading  but  also 
for  some  rotating  binding  loading  sequences,  when  stress 
peaks  are  acting.  The  nonlinear  stress  d^endent  damage 
cumulation  approach  is  in  good  qualitative  agreement  with 
rotating  bending  test  results,  in  the  case  where  the  role  of 
residual  stresses  is  negligible. 
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Light  Airplane  Crash  Tests  at  Three  Flight-Path 
Angles 

C.B.  Castle  and  E.  Altaro  Bou 

Langley  Res.  Center,  NASA,  Langley  Station,  VA, 
Rept.  No.  NASA-TP-1210:  L12060  , 69  pp  (June 
1978) 

N78-26494 

Key  Words:  Crash  research  (aircraft).  Experimental  data 

Three  similar  twin  engine  general  aviation  airplane  speci- 
mens were  crash  tested  at  Langley  impact  dynamics  research 
facility  at  27  m/sec  and  at  flight-path  angles  of  - 15  deg, 
- 30  deg,  arxf  • 45  deg.  Other  flight  parameters  were  held 
constant.  The  test  facility,  instrumentation,  test  specimens, 
and  test  method  are  briefly  described.  Structural  damage 
and  accelerometer  data  for  each  of  the  three  impact  condi- 
tions are  presented  and  discussed. 


79-152 

Mathematical  Simulation  for  Crashworthy  Aircraft 
Seat  Design 

D.H.  Laananen 

The  Pennsylvania  State  Univ.,  University  Park,  PA, 
J.  Aircraft,  JS.  (9),  pp  567-573  (Sept  1978)  11  figs, 
1 table,  15  refs 

Key  Words:  Aircraft,  Crash  research  (aircraft) 

A three-dimensional  mathematical  model  of  an  aircraft 
seat,  occupant,  and  restraint  system  has  been  developed 
for  use  in  the  analysis  of  light  aircraft  crashworthiness.  The 
occupant  model  consists  of  12  rigid  mass  segments  whose 
dimensions  and  inertial  properties  have  been  determined 
from  studies  of  human  body  anthropometry  artd  kinematics 
arxJ  from  measurements  of  a production  anthropomorphic 
test  dummy.  Because  of  the  significant  role  played  by  the 
seat  in  overall  system  crashworthiness,  a detailed  finite- 


element  model  of  the  seat  structure  is  included.  The  input 
data  are  structured  so  that  any  aircraft  seat  can  be  modeled 
by  providing  only  nodal  coordinates,  element  cross-sectional 
dimensions,  and  material  properties.  Plastic  behavior  is 
simulated  by  plastic  hinges  at  the  beam  ends.  Comparisons 
of  model  predictions  with  measured  data  for  a dynamic  test 
of  an  energy-absorbing  seat  are  included. 


79-153 

Crashworthy  Gunner  Seat  Testing  Program 

M.J.  Reilly 

Boeing  Vertol  Co.,  Philadelphia,  PA,  Rept.  No. 
D210-1 1327-1 , USARTL-TR-78  7,  155  pp  (Mar 
1977) 

AD-A054  970/9GA 

Key  Words:  Aircraft  seats.  Helicopter  seats.  Crashworthi- 
ness, Experimental  results 

A crashworthy  gunner  seat  swivel  concept  developed  under 
a previous  contract  was  refined  and  detail  drawings  were 
made.  Six  seats  were  fabricated,  four  for  static  testing  and 
two  for  dynamic  testing.  Modifications  were  made  after  the 
first  four  static  tests.  Additional  static  tests  were  success- 
fully performed  on  two  of  the  modified  seats.  A vertical 
drop  test  arnf  a horizontal  dynamic  test  were  performed 
on  the  remaining  two  modified  seats. 


79-154 

A Preliminary  Investigation  of  Nomad  Instrumenta- 
tion Boom  Vibration 

P.A.  Farrell  and  B.  Quinn 

Aeronautical  Res.  Labs.,  Melbourne,  Australia,  Rept. 
No.  ARL/STRUC  TM-273,  11  pp  (Feb  1978) 
AD-A055  010/3GA 

Key  Words:  Airborne  equipment  response.  Booms  (equip- 
ment), Vibration  control 

An  investigation  of  the  lower  order  modes  of  vibration  of 
an  instrumentation  boom  fitted  to  a Nomad  aircraft  was 
carried  out  and  the  results  are  presented.  Recommendations 
for  reducing  the  amplitude  of  boom  vibration  experienced 
at  take-off  are  made. 


79-155 

Dynamics  of  the  Longitudinal  Motion  of  an  Airplane 
with  a Variable-Geometry  Wing 

Z.  Dzygadloand  J Marus^kiewicz 

Warsaw,  Poland,  J.  Tech.  Phys..  1£(1),  pp  125-137 

(1978)  8 figs,  7 refs 
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Key  Words:  Aircraft,  Longitudinal  response.  Aircraft  wings 

In  order  to  investigate  the  peculiarities  of  modern  aircrafts 
with  variable-sweep  wings,  the  dynamics  of  longitudinal 
perturbed  motion  of  such  an  airplane  is  considered  under 
the  condition  of  varying  sweep-back.  The  subject  of  the 
present  study  is  the  process  of  increasing  and  decreasing 
the  wing  sweep  angle  and  the  type  of  perturbations  of  flight 
parameters. 


79-156 

Captive  Carriage  Vibration  of  Air-to-Air  Missiles  on 
Fifrhter  Aircraft 

W G.  Frost,  P B.  Tucker,  and  G.R  Wayrnon 
F-15  System  Program  Office,  Wright  Field.  Dayton, 
OH,  J Environ.  Sci  , 21  (5).  PP  1116  (Sept/Oct 
1978)  14  figs,  12  rets 

Key  Words;  Aircraft.  Wing  stores.  Missiles,  Vibration  tests 

Flight  measurements  obtained  on  F-15  fighter  aircraft  show 
that  current  missile  vibration  specifications  do  not  adequate- 
ly cover  captive  carriage.  They  include  vibration  caused  by 
boundary  layer  noise,  but  not  vibration  induced  by  man- 
euvers. The  latter  occur  at  frequencies  below  approximately 
200  Hertz.  Vibration  at  these  frequencies  is  much  higher 
than  specification  test  levels.  It  is  therefore  considered 
important  that  these  vibration  levels  be  incorporated  in 
vibration  qualification  test  specifications  for  future  air-to- 
air  missiles.  Recommended  vibration  test  levels  and  test 
procedures  based  on  the  F-15  flight  measurements  are 
provided. 


79-157 

The  Vibration  Response  of  the  PHOENIX  Missile 
in  the  F-I4  Aircraft  Captive-Flight  Environment 

M.E.  Buike 

Pacific  Missile  Test  Center,  Point  Mugu,  CA,  Shock 
Vib  Bull.,  U S.  Naval  Res.  Lab.,  Proc.,  Vol.  48, 
Pt.  4,  PP  139-150  (Sept  19781  14  figs,  2 tables, 
4 refs 

Key  Words:  Aircraft,  Wing  stores.  Vibration  response. 
Flight  simulation 

Vibration  loads  are  an  important  cause  of  failures  of  air- 
launched  missiles  in  the  captive-flight  environment.  In  order 
to  reproduce  these  loads  in  testing  it  is  first  useful  to  under- 
stand the  relationship  between  the  induced  vibration  and  the 
captive-flight  parameters.  This  paper  investigates  the  vibra- 
tion response  characteristics  of  the  PHOENIX  missile  on  the 
F-14  aircraft  in  the  captive-flight  environment.  Variations 
in  vibration  response  with  flight  condition,  mounting  con- 


figuration, direction,  and  location  along  the  length  of  the 
missile  are  examined.  The  conclusions  drawn  in  this  report 
add  conformation  to  previous  captive-flight  vibration  studies 
in  establishing  general  correlations  between  captive-flight 
parameters  and  captive-flight  vibration. 
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(Also  see  Nos.  138,  139,  145,  1641 


79-158 

Effect  of  Turbulence  on  the  Pressure  Distribution 

and  Vibration  of  Angular  Bodies.  Part  1.  Pressure 

Distribution  on  Model  Buildings  at  Small  Angles  of 

Attack  in  Turbulent  Flow.  Part  li.  The  Aeroelastic 

Vibration  of  the  Square  and  H-Shaped  Sections  in 

Turbulent  Cross  Flows 

J.A.  Roberson  and  C.T.  Crowe 

Washington  State  Univ.,  Pullman,  WA,  Rept,  No. 

TR/HY-1/78,  151  pp  (Mar  31,1978) 

PB-282  439/9GA 

Key  Words;  Buildings,  Wind  induced  excitation.  Turbulence 

The  study  objectives  were  to  determine  the  effects  of  free 
stream  turbulence  on  the  pressure  distribution  about  rect- 
angular building  shapes  arid  its  effects  on  vibration  of  square 
and  H-shaped  sections. 
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Concorde  Noise-Induced  Building  Vibrations:  John 
P’.  Kennedy  International  Airport 

W.H.  Mayes,  D.G  Stephens,  R.  DeLoach,  J.M.  Caw- 
thorn,  H.K.  Holmes,  R.B.  Lewis.  B.G.  Holliday, 
D.W.  Ward,  and  W.T.  Miller 

Langley  Res.  Center,  NASA,  Langley  Station,  VA, 
Rept.  No.  NASA-TM  78727,  Rept-3,  47  pp  (Apt 
1978) 

N78  26876 

Key  Words:  Buildings,  Acoustic  excitation,  Vibration 

response,  Aircraft  noise 

Outdoor  arKi  indoor  noise  levels  resulting  from  aircraft 
flyovers  and  certain  nonaircraft  events  were  recorded  at  eight 
homesites  and  a school  along  with  the  associated  vibration 
levels  in  the  walls,  windows,  and  floors  at  these  test  sites. 
Limited  subjective  tests  were  conducted  to  examine  the 
human  detection  and  annoyance  thresholds  for  building 
vibration  and  rattle  caused  by  aircraft  noise. 
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CONSTRUCTION 


79160 

Road  ('oiivslniction  Noise 

D J.  Mcjrtin 

Environnieni  Div.,  TiafiSfiort  and  Road  Res.  Lab., 
Noise  Control  Vib  Isolation,  9 (7),  pp  278  282 
(ALig/Sept  1978)  2 fiqs,  2 tables,  5 refs 

Key  Words:  Construction  equipment.  Noise  generation 

Noise  from  construction  and  demolition  works  frequently 
gives  cause  for  complaints  by  people  living  or  working  near- 
by.  Noise  legislation  in  the  UK  contained  in  the  Control  of 
Pollution  Act  has  given  powers  to  local  authorities  to  control 
noise  from  these  types  of  operation.  These  powers  were 
designed  to  be  effective  in  enabling  local  authorities  to  con- 
trol any  noise  nuisance  while  avoiding  hindrarKe  or  disrup- 
tion of  the  works  in  question.  In  1974  a research  program 
was  begun  at  the  Transport  arKt  Road  Research  Laboratory 
(TRRL)  to  study  noise  from  motorway,  trunk  road  and  prin- 
cipal road  construction  sites  with  the  aim  of  producing  a 
description  of  the  noise  climate  around  a site  and  a simple 
method  of  prediction.  The  aim  of  this  research  was  to  enable 
road  planners  to  appreciate  the  effects  of  a proposed  road 
construction  on  the  noise  environment  arni  to  take  this  into 
account  at  the  design  stage.  The  research  would  also  assist 
locai  authorities  in  setting  realistic  notse  limits  ar>d  help 
site  engineers  and  contractors  to  assess  what  measures  would 
be  needed  to  meet  the  limits.  This  paper  summari2es  some 
results  of  this  research. 


HELICOPTERS 

(See  Nos.  19,  183,  194) 
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79-161 

On  the  Phyncal  Background  of  the  Poinl-lin|i<-danre 
Characterization  of  the  ilaailar  Membrane  in  Cochlear 
Mechanics 

M A.  Viergever 

Dept  of  Mathematics,  Delft  Univ  of  Tech.,  The 
Netherlands,  Acustica,  (b),  pp  292-297  (Apr 
1978)  2 figs  24  tefs 

Key  Words:  Bioengineering,  Mathematical  models.  Plates, 
Organs  Ibiological) 


A threeKlimensional  mathematical  model  ol  the  cochlea  is 
constructed.  The  basilar  membrane  is  represented  by  a linear 
visco-elastic  plate  of  variable  width  and  thickness.  It  is  shown 
that  the  point-impedance  characterization  of  the  basilar 
membrane  is  the  analogue  in  one-  and  two-dimensional 
models  of  this  visco-elastic  plate  representation. 


ISOLATION 


79-162 

Design  Synthesis  of  a Vehicle  Suspension  System 
losing  Multi-Parameter  Optimi/.ation 

E.  Esniail^adeh 

Dept,  of  Mech,  Engrg.,  Arya-Mehr  Univ.  of  Tech., 
P.O.  Box  3406,  Tehran,  Iran,  Vehicle  Syst.  Dyn., 
7_(2),  PP  83-96  (Apr  1978)  7 figs.  17  refs 

Key  Words:  Suspension  systems  (vehicles).  Mathematical 
models,  Gradient  methods.  Optimization 

The  transmission  of  road-generated  vibrations  into  a vehicle 
body  is  treated  as  a source-path-receiver  problem.  The  sus- 
pension system  acts  as  the  path,  and  improved  isolation  can 
be  achieved  by  having  a single  compliant  bushing  at  the 
connecting  point  of  the  shock  absorber  to  the  body  with 
none  at  the  other  end.  A mathematical  model  is  derived  for 
such  a system  which  would  enable  detailed  parameter  in- 
vestigation to  be  undertaken  using  the  gradient  method  of 
optimization.  An  expression  for  the  absolute  displacement 
transmissibility  of  the  body  is  derived  and  the  optimization 
procedure  is  applied  in  order  to  evaluate  the  optimum  values 
of  the  non-dimensional  variables  involved.  This  minimizes 
the  maximum  motion  transmitted  to  the  body  from  the  road 
surface  over  a broad  frequency  range. 
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Kvperiiiiriital  Results  of  an  Karlhquake  Isolation 
System  Usin^  Natural  Rubber  Bearings 

J M,  Eidinger  and  J M.  Kelly 

Earthquake  Engrg.  Res  Center,  California  Univ., 
Berkeley,  CA  , Rept  No.  UCB/EERC-78/03,  58  pp 
(Feb  1978) 

PB281  686/6GA 

Key  Words.  Isolators,  Elastomeric  bearings.  Earthquake 
resistant  structures.  Experimental  data 

This  report  describes  the  experimental  results  of  a series 
ol  earthquake  simulation  tests  on  an  earthquake  isolation 
system  based  on  natural  rubber  beatings.  Three  forms  of 
isolation  system  were  used.  As  the  primary  purpose  ol  the 
test  program  was  to  examine  the  effect  of  damping  in  the 
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isolation  system,  the  essential  difference  between  the  three 
forms  was  the  level  of  the  damping  in  the  system.  A large 
number  of  simulated  earthquake  motions  were  used  in  the 
tests  including  El  Centro  1940,  Taft  1950,  Parkfield  1966 
and  Pacoima  Dam  1971 . 


79-164 

Floating  Floors  - How  Fffcctive  Are  They? 

A S Saunders 

Consultancy  Group,  Industrial  Acoustics  Co,,  Ltd  . 
Noise  Control  Vib  Isolation,  ^ |7),  pp  272-276 
(Auq/Sept  1978)  6 fkjs 

Key  Words:  Isolators,  Buildings,  Floors,  Floating  bodies 

In  the  construction  of  large  buildings  cost  and  space  require' 
ments  often  dictate  placing  a large,  closely  packed  plant  in 
a roof  top  plant  area.  This  causes  two  problems:  airborne 
sound  transmission  and  vibration,  which  cannot  be  solved 
by  means  of  standard  anti-vibration  measures,  and  structural 
isolation  is  required.  The  solution  of  the  above  problems,  by 
means  of  wood  or  concrete  floating  floor,  is  described. 


79.165 

Isolation  Mounts  for  the  HEAO-B  X-Ray  Telescope 

H. L.  Main  and  R.  Miller 

Lord  Kinematics,  Erie,  PA,  Shock  Vib.  Bull.,  U.S, 
Naval  Res.  Lab  , Proc  , Vo(.  48,  Pt  2,  pp  97  113 
(Sept  1978)  17  figs,  1 table,  3 refs 

Key  Words:  Isolators,  Equipment  mounts 

This  paper  describes  the  orbiting  HEAO-B  X-ray  Telescope 
experiment  package  and  the  isolation  mounts  which  will 
be  used  to  support  and  protect  it.  The  design  and  testing 
phases  of  the  isolation  development  program  are  fully  de- 
scribed and  data  are  presented. 
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Dynamic  and  Structural  Analysis  of  Reusable  Ship- 
ping and  Storage  Container  for  Encapsulated  HAR- 
POON Missile  (R(;M-84A) 

C P Haber 

Naval  Weapon.s  Handling  Lab  , Colls  Nock,  NJ,  Ropi 
No  NWHL  7628,56pp  (Apr  16,  1976) 

AD-BOn  686/3GA 

Key  Words:  Missiles.  Shipping  containers.  Isolators,  Sus- 
pension systems  (missiles) 


A dynamic  and  structural  analysis  of  a proposed  reusable 
Shipping  and  Storage  Container  for  the  Encapsulated  HAR- 
POON Missile  was  made  by  the  Naval  Weapons  Handling 
Laboratory  as  part  of  the  design  study  for  such  container. 
The  subject  design  incorporates  a freebreathing  fiberglass 
pod  containing  the  encapsulated  weapon.  The  pod  and  wea- 
pon are  suspended  from  a truss-like  outer  structure  by 
elastomeric  mounts  configured  in  a laterally  focalized  fash- 
ion. The  analysis  generates  isolator  parameters  which  at- 
tenuate the  handling  arxf  transportation  shock  and  vibration 
environment  to  safe  levels  for  the  weapon  ar>d  verifies  that 
the  structural  design  concept  can  sustain  the  resulting  loads. 
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Gas  Turbinr  Core  Noise  Source  Isolation  by  Intemal- 
to-Far-Field  Correlations 

B.N  Shivashankara 

Boeing  Comtnercial  Airplane  Co.,  Seattle,  WA,  J 
Aircraft,  _15  (9),  pp  597-600  (Sept  1978)  8 figs, 
3 refs 

Key  Words:  Noise  source  identification.  Electric  power 
plants.  Gas  turbines 

An  auxiliary  power  unit  was  tested  for  exhaust  noise  in  an 
.-tnechoic  chamber.  Six  internal  and  numerous  near-  and 
far-field  microphones  were  employed.  Extensive  cross-cor- 
relation and  coherence  function  analysis  were  performed. 
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A Program  for  Rating  the  Loudness  of  Consumer 
Fan  Products 

D.E  Clapp  and  C.E.  Neclley 

Texas  A&M  Unlv  , College  Station,  TX  77843,  Noise 
Control  E ngr  , JJ_  (1 ),  pp  12-17  (July/Aug  1978) 
2 figs,  1 table,  10  refs 

Key  Words  Fans,  Noise  measurement 

The  ongoing  voluntary  program  established  by  the  Home 
Ventilating  Institute  to  rate  their  fan  products  for  loudness 
is  discussed.  It  is  based  on  a one-third  octave  band  sound 
power  analysis  conducted  in  a laboratory  grade  reverberation 
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room,  Sound  power  measurements  are  converted  to  sound  Railroads,  Chicago,  IL,  Repl  No  F RA/ORD-78/08, 

pressure  levels  and  finally  loudness  in  sones  at  a fixed  dis-  60  pp  (June  1978) 

t .nee  from  the  source.  PB  282  357/3GA 
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.\coustic  EvaluaCion  of  a .Novel  SHepl-Rotor  Fan 

J.G  Lucas,  R.P  Woodward,  and  M.J.  Mackinnon 
Lewis  Res.  Center,  NASA,  Cleveland,  OH,  Repl  No. 
NASA  TM  78878,  F-9612,  24  pp  (1978) 

Sponsored  by  AIAA 
N78-24897 

Key  Words:  Fans,  Acoustic  properties 

Inlet  noise  and  aerodynamic  performance  are  presented  for 
a high  tip  speed  fan  designed  with  rotor  blade  leading  edge 
sweep  that  gives  a subsonic  component  of  inlet  Mach  number 
normal  to  the  edge  at  all  radii.  The  intent  of  the  design  was 
to  minimize  the  generation  of  rotor  leading  edge  shock  waves 
thereby  minimizing  multiple  pure  tone  noise.  Sound  power 
level  and  spectral  comparisons  are  made  with  several  high- 
speed fans  of  conventional  design. 


Key  Words:  Railroad  tracks.  Mathematical  models,  Design 
techniques 

The  objective  of  the  report  is  to  demonstrate  the  use  of 
mathematical  track  structure  models  in  the  development  of 
design  charts.  The  models  have  been  developed  in  Task  I, 
Mathematical  Modeling,  of  the  Track  Structures  Research 
Program,  Contract  DOT  FR-30038.  The  charts  should  enable 
the  optimal  selection  of  track  components  and  to  evaluate 
the  structural  performance  of  existing  track  components  in 
a given  loading  environment.  The  criterion  for  acceptable 
track  design  is  that  the  strength  of  the  track  structure  on  a 
fatigue  basis  not  be  exceeded  and  the  Miner's  rule  is  used. 
The  charts  are  based  on  arbitrarily  chosen  wheel-rail  load 
magnitudes.  For  vertical  wheel-rail  loading,  the  loading  con- 
figuration consists  of  eight  wheel  loads  and  corresponds  to 
that  of  two  adjacent  trucks  of  two  coupled  100  ton  (90,.720 
kg)  cars.  For  lateral  wheel-rail  loading,  a single  lateral  load 
applied  to  the  base  of  one  rail  is  used. 
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.■\n  Investigation  into  Steain  llaiiiiner  Noise  Using 
Scale  .Models  and  On-Line  Computer  Faeilities 

G J McNulty  and  J C.  Charman 
Sheffield  City  Polytechnic,  Noise  Control  Vib 
Isolation,  (7),  pp  285-291  (Aug/Sept  1978)  17 
figs,  8 refs 

Key  Words:  Steam  hammer.  Noise  generation.  Model  testing. 
Scaling,  Computer-aided  techniques 

This  work  details  an  investigation  into  the  noise  and  vibra- 
tion characteristics  of  a steam  hammer  using  a l/12th  scaled 
engineering  working  model.  The  work  was  initiated  with  a 
view  to  locating  the  main  sources  of  noise  radiation,  cor- 
relating the  parameters  of  force  against  sound  pressure  and 
comparing  this  with  previous  work  done  on  full  scale  ham- 
mers. This  research  project  provided  viable  results  which 
correlated  accurately  with  the  noise-producing  characteristic 
of  a full  scale  model. 


79-172 

High-Speed  Ground  Transport  - A Stochastic  Model 
of  Track  Roughness  and  Misalignment 

L A Bal^er 

The  New  South  Wales  Inst,  of  Tech.,  J.  Mech.  Engr, 
Sci,,  JO  (3),  pp  143-148  (June  1978)  3 figs,  16  refs 

Key  Words:  High  speed  transportation  systems,  Track 
roughness.  Alignment,  Mathematical  models.  Stochastic 
processes 

One  of  the  significant  disturbances  to  a tracked  hovercraft 
or  any  other  high-speed  ground  transport  vehicle  is  the 
roughness  of  the  guideway  surface  together  with  misalign- 
ment of  the  guideway  structure  itself.  Existing  methods 
of  describing  this  roughness  and  misalignment  are  reviewed 
and  their  shortcomings  noted.  A description  is  proposed 
which  is  valid  in  both  statistical  and  wavelength-amplitude 
domains.  Numerical  data  from  the  Tracked  Hovercraft  Ltd 
test  track  at  Earith  are  analyzed  and  a mathematical  model 
proposed  for  a typical  commercial  H.S.G.T.  guideway.  A 
method  of  computer  generation  of  typical  roughness  profiles 
is  discussed. 
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Track  Structure  Design  Using  Mathematical  Models 
W So 

Research  and  Test.  Dept.,  Association  of  American 
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A Mathematical-Computer  Simulation  of  the  Dy- 
namics of  a Freight  Element  in  a Railroad  Freight 
Car 

K.L.  Shum  and  T.  Willis 

Dept,  of  Mech.,  Mechanical  and  Aerospace  Engrg., 
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Illinois  Inst  of  Tech.  Chiuigo.  IL.  Kept  No.  IIT 
TRANS75-2.  F R A/ORD-77/28,  127  pp  (July  1977) 
PB-282  308/6GA 

Key  Words:  Freight  cars.  Railroad  transportation,  Mi’the- 
matical  models 

This  research  studies  the  dynamic  response  of  a freight  ele- 
ment, inside  a typical  freight  box  car  under  service  condi- 
tions, by  a computer-model  simulation  technique.  A 27 
degree  of  freedom  mathematical  model  has  been  developed 
to  represent  the  freight  car,  truck  and  freight  element,  with 
the  car  body  as  a single  rigid  mass.  This  model  has  been 
validated  against  published  railroad  research  data.  This 
model  is  a more  detailed  one  than  most  previously  published 
simulations,  and  has  additional  characteristics.  One  is  the 
option  of  modeling  dry  friction  dampers  by  either  Coulomb 
friction  or  equivalent  viscous  damping.  A second  improve- 
ment IS  the  facility  to  express  the  response  of  the  system  in 
either  time  or  frequency  domain.  The  computer  simulation 
shows  that  the  critical  roil  mode  speed  of  a representative 
70-ton  box  car  is  around  17.5  mph.  The  maximum  car  body 
roll  angle  is  1 1.4  degrees  peak  to  peek,  the  maximum  wheel 
load  is  69,000  Ib/wheel,  and  wheel  lift  durations  arc  0.2  - 
0.4  sec. 
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On  the  Effects  of  Inertia  and  Damping  Factors  of 
the  Mechanical  Guidance  Upon  the  Running  Stability 
of  a Guided  Vehicle 

M Matsui,  M YarTianouchi,  T.  Minami,  and  M. 
Watanabe 

Advanced  Design  DeiM  , Toyo  Kogyo  Co.,  l.td.. 
Bull.  JSME,^  (158),  pp  1250  1257  (Aug  1978} 
12  figs,  3 refs 

Key  Words:  Automated  transportation.  Control  equipment, 
Inertici  forces.  Damping  coefficients.  Stability 

To  investigate  the  behavior  of  a running  vehicle  with  auto- 
motive tires  on  the  guideway,  a simulation  mode!  is  develop- 
ed with  a three  dimensional  model  of  the  vehicle  body  and 
the  guide  mechanism  with  the  inertia  and  dash-pots.  The 
model  is  successfully  compared  with  the  experimental 
data  of  a test  vehicle  which  was  an  automotive  truck  with 
the  mechanical  guidance.  A characteristic  equation  is  derived 
which  is  to  be  examined  to  explain  the  effects  of  the  dy- 
namical parameters  of  the  guide  mechanism  such  as  inertia 
and  damping  factors  on  the  running  stability  of  the  vehicle. 
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Simplified  Derivation  of  the  Reaction-Time  History 
in  Aircraft  Impact  on  a Nuclear  Power  Plant 

L Y Bahar  and  J S Rice 

Depl  of  Mech  Engrg.  and  Mechanics,  Drexel  Univ., 
Philadelphia,  PA  19104,  Nucl.  Engr.  Des.,  ^ (3), 
PP  263  268  (Sept  1968}  3 figs,  1 1 refs 

Key  Words:  Nuclear  power  plants.  Shock  response.  Aircraft 

A simplified  derivation  of  the  reaction-time  history  in  the 
case  of  an  aircraft  impacting  a nuclear  power  plant  is  given. 
The  equation  of  motion  for  the  rigid  part  of  the  aircraft  is 
Obtained  by  considering  it  as  a variable  system  of  panicles 
losing  mass.  The  equation  of  motion  for  the  crushing  region 
is  obtained  by  the  methods  of  continuum  mechanics. 
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Dynamic  Response  of  Nuclear  Power  Plant  Due  to 
Karthquake  and  Aircraft  Impact  Including  Fffect 
of  Soil-Structure  Interaction 

K M.  Ahmed  and  A.S.  Ransht 

Water  Reactor  Div.,  Nuclear  Power  Co.  (Risley). 
Ltd.,  Risley,  Warrington  WA3  6BZ,  UK,  J.  Sound 
Vib.,  ^ (3),  pp  423-440  (Aug  8,  1978)  14  figs. 
5 tables,  1 5 refs 

Key  Words:  Nuclear  power  plants,  uanhquake  response. 
Aircraft  response.  Finite  element  technique.  Modal  analysis. 
Interaction:  soil-structure 

A comparison  is  made  of  the  dynamic  response  of  a typical 
nuclear  power  plant  to  a modest  earthquake  (Parkfield)  ar>d 
to  the  impact  of  a small  military  aircraft  (MRCA)  arxf  a 
large  civil  aircraft  (Boeing  707-320).  Finite  element  and 
modal  superposition  techniques  are  used  to  obtain  the  time- 
history  response  and  the  corresponding  floor  response 
spectra.  The  effect  of  soil-structure  interaction  is  examined 
by  varying  the  soil  stiffness  and  damping  over  a range  defined 
by  soil  shear  wave  velocities  of  500  to  2000  m/second. 
A limited  study  is  also  carried  out  to  assess  the  effect  of 
embedment  and  foundation  raft  geometry  on  the  seismic 
response  of  the  structure. 
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Comparison  of  Methods  for  the  Measurement  of 
Wheel  Load  Variations  (Vergleich  von  Verfahren 
zur  Messun^  von  RadlastsrhHanhungen) 

V Gersbach,  I Schtnid.andW  Rasch 

Am  Hang  21,  8081  Eching  a A , Automobiltech.  Z., 

80  (7/8),  pp  353-356  (July/Aug  1978)  6 figs,  1 table, 

12  rets 

(In  German) 

Key  Words:  Automobiles,  Wheels,  Oynamic  tests 

The  wheel  load  and  its  variations  are  valuable  data  in  the 
determination  of  vehicle  loads,  especially  in  the  design  of 
axles  and  construction  of  roads.  In  addition,  it  is  a measure 
of  road  contact  and  thus  a safety  measure.  Presently  there 
are  no  procedures  available  for  measuring  the  dynamic 
wheel  load  directly  on  the  vehicle  during  the  ride.  The  paper 
describes  a procedure  for  taking  auxiliary  data  from  which 
dynamic  wheel  data  is  derived.  The  procedure  illustrates 
the  shortcomings  of  the  measurement  techniques. 
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Reduction  of  Sleerinfr  Wheel  “Shimmy"  (Unter- 
aurhuni!  zur  Reduziening  der  Lenkungsunruhe) 

G Dodibacher  and  H Gaftke 

Fasanenweg  4,  5024  Pulheim,  Automobiltech.  Z., 
M (7/8),  pp  317-322  (July/Aug  1978)  14  figs,  3 refs 
(In  German) 

Key  Words:  Wheel  shimmy.  Automobiles,  Vibration  control 

A computer  program  for  the  determination  of  all  parameters 
which  influence  the  steering  wheel  shimmy  was  developed. 
The  knowledge  of  all  axial  parameters,  at  least  in  the  research 
phase,  enabled  the  building  of  a low  sensitivity  front  axle. 
The  results  obtained  by  computer  were  verified  by  experi- 
ment and  the  improvement  in  an  actual  vehicle  was  con- 
firmed by  subiective  evaluation. 
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Investigation  of  Torsional  Vibrations  on  Commercial 
Vehicles  - Part  I (Torsionsschwingungsuntersuchun- 
gen  bei  Nutzfahrzeiigen) 

E.  Lauster  and  W Maior 

Spiegcibnrg  5,  7759  Immonstaad,  Germany,  Auto- 
mobiltei  h.  Z , ^ (7,'8),  pp  359-365  (July/Aug 
1978)  12  figs,  17  refs 
(In  German) 


Key  Words:  Automobiles,  Ground  vehicles.  Drive  shafts. 
Torsional  vibration 

An  investigation  of  torsional  vibrations  of  a vehicle  driveline 
as  a unit  is  considered.  The  first  part  is  a theoretical  discus- 
sion of  natural  frequencies  and  vibration  exciting  elements. 
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Vehicle  Response  to  Stochastic  Roadways 

D.C.  Karnopp 

Dept  of  Mech.  Engrg.,  (Jniv.  of  California,  Davis, 
CA  95616,  Vehicle  Syst.  Dyn.,2  (2),  pp  97-109 
(Apr  1978)  2 figs,  6 refs 


Key  Words:  Road  roughness.  Vehicle  response 

Dynamic  response  calculations  for  vehicles  traversing  ir- 
regular surfaces  are  usually  accomplished  using  frequency 
domain  methods  involving  spectral  densities  and  transfer 
functions.  Here  an  alternative  procedure  is  developed  which 
allows  direct  computation  of  mean  square  values  and  correla- 
tions of  system  variables  for  both  transient  and  steady-state 
conditions.  The  method  is  based  upon  the  differential  equa- 
tion for  the  covariance  matrix  which  is  directly  related  to  the 
state  equations  for  the  vehicle.  Multiple  white  noise  inputs 
can  be  incorporated  as  well  as  inputs  at  two  wheels  which 
follow  the  same  track  at  a distance  from  one  another.  The 
method  is  suitable  for  computer  implementation  without 
the  complex  algebra  associated  with  finding  all  necessary 
transfer  functions  and  the  necessity  of  evaluating  integrals 
in  order  to  find  mean  square  values  using  the  conventional 
approach.  As  an  illustration,  a simple  vehicle  model  is  worked 
out  completely  and  the  variation  of  pitch  and  heave  motion 
as  a function  of  vehicle  speed  is  plotted. 
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Measurement  of  Two  Track  Road  Inputs  and  Theore- 
tical Application  of  the  Results  (Messungen  von 
Fahrbahn-Unebenheiten  paralleler  Fahrspuren  und 
Anwendung  der  Ergebnisse) 

V.  Bormann 

Institut  f.  Fahrzeugtechnik,  Technische  Universitat 
Braunschweig,  Vehicle  Syst.  Dyn.,_7  (2),  pp  65-81 
(Apr  1978)  8 figs,  1 table 
(In  German) 

Key  Words:  Road  roughness.  Experimental  data.  Vehicle 
response 

The  calculation  of  vehicle  response  to  road-surface  irregular- 
ity inputs  requires  the  spectral  densities  of  the  left  and  right 
longitudinal  track  and  their  statistical  dependence.  This 
paper  presents  some  results  of  parallel  profile  measurements. 
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throe  (yptcai  German  roads  have  been  chosen  Random 
vibration  of  ti^o  vehicle  types  are  digitai  simuiated. 
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Tranairnt  Dynatiiica  of  a Klrxiblr  Rotor  Hith  Squrr/e 
Film  Dampen! 

Of  [iiiono,  I O Sthlil/tM,  RG  Hall,  111,  and  D.H 
Hihmv 

Unit(*d  ftM  hnoloyios  Cdfp  , Prail  8*  Whnni'v  Ait 
oatt.  fast  Hanford.  Cf  06t08,  Kept  No  NASA 
CR  :ObO,83pp  (Stvt  1978) 

Key  Words:  Flexible  rotors.  Blade  loss  dynamics.  Transient 
response.  Squeere-film  dampers 

This  report  contains  the  results  of  an  experimental  and  analy- 
tical investigation  of  the  transient  response  of  a flexible 
rotor  with  squeeze  film  dampers.  The  experimental  part  of 
the  program  consisted  of  a series  of  simulated  blade  toss 
tests  on  a test  rotor  designed  to  operate  above  its  secorKl 
bending  critical  speed.  The  analytical  pan  of  the  program 
comprised  a series  of  analyses  which  predicted  the  transient 
behauior  of  the  test  rig  for  each  of  the  blade  loss  tests.  The 
scope  of  the  program  irnrluded  the  investigation  of  transient 
rotor  dynamics  of  a flexible  rotor  system.  srmHar  to  n>odern 
flexible  let  engine  rotors,  both  with  and  without  squeeze 
film  dampers.  The  results  substantiate  the  effectiveness  of 
squeeze  film  dampers  and  document  the  ability  of  available 
analytical  methods  to  predtcl  their  effectiveness  arnf  be- 
havior. 


the  torsional  stiffness  of  the  blade  assembly  ei  well  as  the 
blade  chordwise  centerof -gravity  location  can  be  varied 
during  the  various  phases  of  the  test.  Wind  tunnel  testing 
incorporates  the  variation  of  wirnf  tunnel 
application  of  variable  frequency,  sinusoidal  waveform  gusts. 
The  flap,  lag.  and  torsional  response  of  the  rotor  in  its  various 
configurations  was  measured  and  compared  with  theoretical 
predictions. 
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Some  New  Aapecla  of  Slamminf^  Probability  Theory 

H N f'&irafiis 

Oopt  ol  Clean  I nqiq  , Massai fuisiMts  lost  of  Tech  . 
Cambf  idge,  MA.  .1  Ship  Res,  ^^(3),  pp  186  192 
(Sept  19781  4 liqs,  1b  refs 

Key  Words:  Ships.  Slamming.  Probability  theory 

A systematic  investigation  of  some  probabilistic  aspects  of 
slamming  is  presented.  This  investigation  includes  the  assess- 
ment of  the  unconditional  probability  of  slamming  at  a ran- 
dom instarit  of  time,  the  estimation  of  the  conditional 
probability  of  slamming  at  a given  instant  after  a particular 
slam,  and  the  consequent  rejection  of  the  hypothesis  that 
slamming  is  a Poisson  process  In  addition,  a procedure  to 
approximate  the  distribution  of  slamming  rnterarrival  times 
is  presented.  Finally,  new  slamming  statistics,  obtainable 
from  the  theory  of  this  work,  are  presented  and  compared 
with  the  existing  slamming  cnteiia.  The  theory  of  *hit 
paper  can  be  readily  applied  to  other  seakeepiny  events 
such  as  deck  wetness,  keel  emergence,  arnf  propellei  racint 
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Kxperimrntal  lnvrxti|»atioti  of  (»uiif  Krt^Ninar  of 
lliti^clrivi  llrlicopler  Rolora 

C A Vi^hlow 
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A NoCp  on  th<^  Fortii  of  Ship  Roll  Danipinc 

.1  r Odi/t'ii 

Davidson  1 ab  , Sl(?v<*ns  Inst  ol  Tcih  . Hoboken,  NJ, 
.1.  Ship  Ros  , 22  (31.  pp  178  18b  (Sept  1978)  14  f«is. 
1 table,  22  lels 

Key  Words.  Ships.  Ship  tolling 


Key  Words;  Helicopter  rotors,  Wind  irnfuced  excitation. 
Wind  tunnel  tests 

The  re$i>onse  to  wind  gusts  of  <i  f/fO-scale  hingeless  heli- 
copter rotor  moilel  in  hovering  and  forward  flight  is  studied 
experimentfllly  through  wimf  tunnel  testmg.  The  experi- 
mental program  involving  design,  construction,  and  testing 
of  a five-foot-diameter  rotor  utilizing  either  three  NACA 
001?  planform  blades  or  one  operable  blade  with  two 
dummy  blades  is  descrtherl  The  rotor  design  is  such  that 


The  obiective  of  the  present  work  was  to  develop)  an  approxi- 
mation to  the  conventional  mixeif  Itneai -plus-quadratic 
ship  roll  damping  model  so  that  iinalytical  obstacles  could 
be  overcome  in  the  application  ol  the  furKtional  senes 
expansion  to  nonlinr>ar  ship  rolling  A mixed  linear-plus- 
cubic  a^iproximation  was  lourvi  to  be  reasonable  tor  this 
purpose.  In  the  course  of  analyses,  there  were  irnficattons 
that  this  model  may  be  closer  to  an  "equivalent  approach" 
than  to  an  "approximation 
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Nonlinrar  Kra«mant  Kxritalion  uf  a and  Narrow 
Bay 

SR  RiKji’rs and  C C Mtn 

Dupt  ot  AppI  Mathetiiatics,  Wei/tnann  Inst  ot 
Sciond!,  Israel,  J Mind  pp  161  180 

(Sopt  1 3,  1978)  6 liijs,  2 tables.  23  refs 

Key  Words:  Harbors,  Water  waves.  Resonant  response 

A nonlinear  study  of  harbor  resonance  is  carried  out  for 
a rectangular  bay  indented  from  a straight  coast.  Boussinesq 
equations  with  nonlinearity  and  dispersion  are  used.  Sim- 
plifying approximations  are  made  for  a narrow  bay  to  dc- 


Captive  Flight  Vibration  Measurement  Program.  In  these 
programs  the  PHOENIX  T-201  Environmental  Measurements 
Missile  were  used.  This  same  missile  was  subjected  to  captive 
flight  simulation  using  the  dual  shaker  vibration  and  acous- 
tical vibration. 
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A Mathrtnaliral  Method  for  Drlrrmininf'  a Labora- 
tory Simulation  of  the  Captive-hliftht  Vibrational 
Lnvironinent 

S Oyden 

Pacific  Missile  Test  Center,  Point  Mugu,  CA.  Shock 
Vib  Bull  , U S Naval  Res.  Lab.,  Proc.,  Vol.  48, 


couple  the  nonlinear  problem  in  the  bay  from  the  approxi- 
mately linear  problem  in  the  ocean.  Harmonic  generation 
in  the  bay  is  studied  numerically.  Experiments  for  three 
different  bay  lengths  and  three  amplitudes  are  compared 
with  the  numerical  theory.  The  relative  importance  of 
entrance  loss  and  boundary-layer  dissipation  to  nonlinearity 
is  estimated. 
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Acoustics  or  Shakers  for  Simulation  of  ('.aptivr  Klif^ht 
Vibration 

AM  5>fianfirto  and  M E Burke 
Pacific  Missile  Test  Center,  Point  Mugu,  CA  , Shock 
Vib  Bull  , U S Naval  Res.  Lab..  Proc.,  Vol  48, 
Pt  4,ppb  14  (S»*pt  19/8)  n figs 

Key  Words;  Missiles.  Flight  simulation.  Vibration  response 

Laboratory  simulation  of  the  failure  producing  vibration 
loads  to  which  air-launched  missiles  are  exposed  in  the  cap- 
tive flight  environment  has  become  an  important  cost  ef- 
fective test  method.  For  the  test  to  be  valid,  simulation  of 
the  failure  rate  and  types  of  failures  produced  must  be  the 
same  as  those  produced  in  captive  flight.  This  paper  com- 
pares two  methods  that  are  currently  being  used  to  simulate 
the  captive  flight  vibration  loads  the  PHOENIX  missile 
experiences  on  the  F M aircraft.  A dual  shaker  vibration 
facility  was  developed  for  captive  flight  simulation  as  part 
of  the  PHOENIX  GLAT  program.  Captive  flight  simulation 
using  acoustical  excitation  will  be  used  as  pan  of  the  PHOE- 
NIX Logistics  Engineering  Improvement  Program  (LEIP). 
PHOENIX  captive  flight  vibration  response  was  discussed 
in  terms  ol  direction,  spatial  dr>d  spectral  distribution,  and 
then  compared  to  the  missile  vibration  response  achieved 
in  the  laboratory  by  the  two  aforementioned  methods. 
Missile  captive  flight  data  was  obtained  from  the  PHOENIX 
T-1/F-14A  Flight  Test  Program  arxf  the  PHOENIX/F  14 


Pt  4,  pp  1-4  (Sept  1978)  2 figs,  3 tables,  4 refs 

Key  Words:  Missiles,  Flight  simulation.  Vibration  response 

The  captive-flight  vibrational  environment  of  a missile  can 
be  simulated  by  laboratory  ir>duced  vibration.  The  captive- 
flight  vibration  levels  can  be  shown  to  be  directly  propor- 
tional to  the  dynamic  pressure  (q)  levels.  Typically,  the 
captive-flight  conditions,  combinations  of  mach  number 
and  altitude,  can  be  summarized  as  a discrete  fur>ction  of 
time  over  the  entire  range  of  q levels.  This  paper  describes 
a method  for  selecting  a small  rnimber  of  discrete  q levels 
and  associated  test  time  at  each  level  which  represents  the 
given  captive-flight  cortditions. 
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Turbulent-Boundary-Layer  l')xcitatk>n  and  Reaponar 
Thereto  for  a Ifi^h-Performance  (lonical  Vehicle 

C M Aitman 

McDonnell  Douglas  Astro  Corp  , l.os  Anrjr^les.  CA, 
Shock  Vib.  Bull.,  U S Naval  Res.  Lab,,  Proc  . Vol. 
48.  Pt  4.  pp  159-169  (Sept  1978)  10  figs.  1 table. 
9 refs 

Key  Words:  Reentry  vehicles.  Conical  shells.  Beams.  Vibra- 
tion response 

Ground  and  flight  test  data  from  a high-performance  mar>eu- 
verable  vehicle  called  ACE  suggest  several  revisions  to  the 
empiricisms  used  to  develop  dynamic  environmental  criteria 
for  RV's.  Part  ) of  this  paper  includes  a compiled  data  bank 
for  describing  the  fluctuating  pressures  that  force  the  shell 
of  a non-maneuvering  RV  to  vibrate  during  reentry,  and  a 
discussion  on  the  use  of  a local  aerodynamic  parameter 
values  for  the  cone  when  predicting  these  pressures,  and  a 
description  of  the  characteristics  of  shell-mode  vibration 
peculiar  to  a conical  structure  with  a multilayered  skin. 
Part  M reports  flight  data  from  such  a structure  when  maneu- 
vering as  a result  of  flow  disturbance  at  the  aft  end.  The 
beam  response  is  analytically  examined  as  to  its  probable 
cause. 
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far  of  SKork  Sprctra  to  Kvaluatr  Jitter  of  a Flexible 
ManeuveriiiK  Spacecraft 

W J Katena 

Martin  Marietta  Corp  , Denver,  CO,  Shoik  Vib  Bull  , 
U S Naval  Res  Lab  , Proc  , Vol  48.  Pt  3,  pp  39  47 
(Sr’pt  1978)  7 figs,  2 tables,  2 refs 

K*v  Words:  Spacecraft  equipment  response.  Shock  response 
spectra 

Structural  dynamic  analysts  are  responsible  for  evaluating 
the  effects  of  vibration  on  the  operation  of  diKrlacement 
sensitive  spacecraft  instruments.  One  example  is  an  optical 
pointing  instrument  that  is  vibrating  because  an  orbital 
maneuver  has  |ust  been  performed  This  paper  shows  that 
a residual  displacement  shock  spectrum  of  the  rotational 
acceleration  time  history  defines  the  vibration  modes  and  the 
maneuvers  whKh  are  critical  to  pointing  accuracy.  In  ad- 
dition, several  realistic  maneuvers  are  discussed  artd  their 
effects  on  vibration  are  compared. 
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Tranafrr  Function  .\pplicaliona  to  Spacecraft  Struc- 
tural Dynaniica 

JR  Fowler  and  E Dancy 

Hughes  Aircraft  Co,,  FI  S«?gundo,  CA,  Shor:k  Vib 
Bull,  US  Naval  Res  Lab,  Pioc , Vol  48,  Pt  1. 
pp  93-101  (Sept  1978)  14  tigs,  2 tables,  2 refs 

Key  Words:  Spacecraft,  Fast  Fourier  transforms.  Modal 
analysis 

Fast  Fourier  transform  computed  transfer  functions  are  used 
for  several  spacecraft  applications.  An  Intelsat  IVA  space 
craft  was  tested  using  several  excitations  and  the  resulting 
transfer  functions  are  compared  using  modal  frequencies 
and  damping.  An  example  of  mass  and  stiffness  computa- 
tions from  transfer  functions  is  presented.  Use  of  alternative 
reference  points  for  the  transfer  functions  is  presented.  An 
example  of  the  use  of  slight  changes  in  transfer  functions  to 
detect  failures  is  shown. 
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Calculation  of  Attach  Point  Ixiada  Due  to  Poasiblr 
('ombuation  Instability  in  the  Space  Shuttle  Solid 
Rocket  Booateni 

F R Jonspn  and  D T Wang 

Hrrrulcs  Incorporated,  Magna,  UT,  Shoik  Vib 
Bull.,  US  Nava)  Res  Lab,  Proc.,  Vol.  48,  Pt  4, 
PP  171  174  (Sept  19781 


Key  Words.  Space  shuttles.  Acoustic  excitation.  Com- 
bustion excitation 

The  Space  Shuttle  vehicle  was  anafyiad  to  determine  struc- 
tural response  to  ponible  acoustic  combustion  instability 
in  the  solid  rockat  boosters.  Reusonie  of  the  Space  Shuttle 
vehicle  to  pressure  oscillations  in  the  solid  rocket  boosters 
(SRB's)  was  calculated  artd  expressed  in  terms  of  forces  and 
displacements  at  the  attach  points  between  the  SRB's  artd 
the  External  Tank  lET),  and  between  the  ET  artd  the  or- 
biter.  The  NASTRAN  computer  program  was  used  to  analyse 
various  finite  element  shuttle  models.  A detailed  finite  ele- 
ment model  of  the  solid  rocket  motor  (SRM)  was  construct- 
ed tor  use  with  the  cyclic  symmetry  option  in  NASTRAN. 
The  models  were  analysed  separately  and  results  were  com- 
bined to  represent  the  total  structure  by  using  a mechanical 
impedance-type  approach.  Acoustic  analyses  were  perform- 
ed at  the  Naval  Weapons  Center  (NWC)  at  China  Lake, 
California.  The  acoustic  natural  frequencies  arid  mode  shapes 
were  transmitted  to  Hercules  for  use  in  this  analysis 
program.  The  analysis  approach  based  on  using  mechanical 
impedance  methods  arxf  the  cyclic  symmetry  option  in 
NASTRAN  was  demonstrated  by  calculating  shuttle  struc- 
ture response  to  the  first  longitudinal  acoustic  mode  in  the 
SRB's. 
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Rocket  Motor  Rcaponir  to  Tranavrrar  BiMt  Loa<liii|r 

N .1  Hultington,  Ji  and  H L . Wisnipwsk  i 
U S Army  Ballistic  Res  Lab  , Aberdeen  Proving 
Ground,  MD,  Shock  Vib  Bull  , U S Naval  Res. 
Lab.,  Proc  , Vol  48.  Pt  3,  pp  21  32  (Sept  1978) 
15  figs,  2 tables,  5 refs 

Key  Words:  Solid  propellant  rocket  motors.  Air  blast. 
Blast  response.  Computer  programs 

The  effects  of  propellant  inertia  and  of  internal  pressuriza- 
tion on  the  structural  response  of  solid  propellant  rocket 
motors  subjected  to  transverse  air  blast  loading  have  been 
investigated,  both  analytically  and  numerically  The  numeri- 
cal predictions  were  accomplished  using  the  BRL  version 
of  the  PETROS  3.5  computer  program,  which  employs 
the  finite  difference  method  to  solve  the  equations  governing 
finite  amplitude  elastoplastic  response  of  thin  shells  The 
response  of  a typical  rocket  motor  configuration  was  cal- 
culated for  the  limiting  situations  of  the  bare  motor  cate 
and  of  the  motor  case  containing  the  complete  propellant 
grain,  each  with  no  internal  pressurization  arnf  with  the 
pressurization  resulting  from  propellant  combustion. 
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HHiropIrr  Tranaiiiuion  Vibration  and  Noiar  Rrduc- 
lion  Pnifrani.  Vohinir  1.  Trrhniral  Report 

JJ  Stiarrj,  RW  Howolls.  JW  Lonski,  Jr  , R J 
Draijo,  arid  F G Sr'har’tfer 

Booing  Vertol  Co  . Philadelphia.  PA,  Rept  No 
0210  11236  1.  USARTL  TR  78  2A,  pp  (Mai 
1978) 

AD  A055  104/4GA 

Kay  Words:  Power  transmission  systems.  Helicopter  engines. 
Vibration  control.  Noise  reduction.  Computer  programs 

The  obiectrve  of  the  helicopter  transmission  vibration  noise 
reduction  program  was  to  generate  analytical  tools  for  the 
prediction  and  reduction  of  helicopter  transmission  vibra- 
tion/noise  that  provide  the  capability  to  perform  trade 
studies  during  the  design  stage  of  a program  Application 
of  this  optimisation  capability  yields  drive  train  components 
that  are  dynamically  quiet  with  reduced  vibration/noise 
levels  and  inherently  longer  life. 


79-195 

A Setni- .Analytic  .Approach  to  the  Dynamic  Simula- 
tion of  Shaft  Coupled  Power  Tranmiaaion  Syatema 

0 E Bowns  and  S A Hucl<.vdle 
School  of  Engrg  , Fluid  Power  Centre,  Univ.  of  Bath, 
Instn  Mech  Engr  Proc  , 192,  PP  125  133  (June 
19781  7 figs,  5 refs 

Key  Words:  Power  transmission  systems.  Mathematical 
models 

In  simulating  complex  power  transmission  systems  it  is  an 
advantage  to  employ  separately  developed  sub-models  of 
the  various  components.  There  are,  however,  maior  difficul- 
ties in  assembling  such  models  into  a complete  system  simu- 
lation. This  paper  discusses  the  problem  and  presents  the 
concept  of  energy  storage  for  linking  adjacent  sub-models. 
It  develops  the  method  to  deal  with  systems  coupled  by 
shafts. 


USEFUL  APPLICATION 


79-196 

Self-Suistainrd  Oacillalionf  of  0r|:an  Flue  Pipes:  An 
InleKcal  F.qualion  Solution 

R T.  Schumacher 

Dept  of  Physics.  Carnegie-Mellon  Univ  . Pittsburgh, 
PA  15213,  Acustica.^  (4),  pp  225  238  (Mar  1978) 
1 1 figs.  1 table,  14  refs 


Key  Words:  Musical  instruments.  Pipes  (tubes).  Self-excited 
Vibrations 

The  oscillations  of  an  organ  pipe  are  described  in  terms  of 
a rvon  linear  equation  of  the  Hammerstein  type-  Approximate 
solutions  involving  two  and  three  harmonics  are  used  as 
initial  approximations  for  an  iterative  numerical  solution  of 
the  full  integral  equation.  The  approximate  solutions  are 
shown  to  satisfy  a "regeneration  coryJition"  that  are  then 
fourxj  to  be  satisfied  by  the  full  numerical  solutions-  Sam- 
ple solutions  are  obtairved  for  a number  of  different  parame- 
ters of  the  pipe  ar>d  are  fourvd  to  agree  with  the  qualitative 
observations  that  exist.  However,  the  results  are  so  rich  in 
predictive  detail  that  available  data  are  inadequate  to  test 
in  detail  the  model  used  in  these  calculations. 


79-197 

The  Analyaia  of  Multiple  Reaonance  in  a Vibratini' 
Mpchanical  Syrteni  by  the  Dsf  of  thr  Fkctrical 
Trananitiion  Line  Analof^ 

R J Clafke 

Dept  of  Electronic  and  Electrical  Engrg  , Loughbor 
ough  Univ  of  Tech  , Loughborough,  Leicestershire. 
UK.  Acustica,  ^(1).  pp  34  39  (Apr  1978)  4 figs, 
5 refs 

Key  Wordc  Mechenk:al  syxaens.  Strmgs,  Platei,  Musical 
instruments.  Multiple  resorsance.  Resonant  frequency 

The  use  of  analogies  from  electrical  circuit  theory  often 
provides  a powerful  method  of  analy^ing  vibrating  mechani- 
cal systems.  In  the  present  cate  a structure  it  considered 
consisting  of  a stretched  string  vibrating  in  its  lowest  mode, 
and  terminatad  in  a plate  having  orre  predominant  rrrode  of 
resonance  at  a fraquatKy  near  to  that  of  the  string.  In  its 
electrical  form  tha  ttructura  consists  of  a transmission  line 
section  terminatad  in  a series  tuirad  circuit,  and  the  analy- 
sis determines  the  critical  valu*  'I  the  parameters  of  such 
a structure  in  ordar  that  multip  resonance  shall  occur.  Such 
a machanical  structura  forms  tha  basis  of  the  family  of  string 
musical  instruments  in  which,  under  certain  circumstances 
determinad  in  the  present  analysis,  tha  phenomenon  of 
multiple  resonance  occurs  as  a practical  problem  for  the 
performer. 


79-198 

Violin  Timbre  and  Brki|^  Frequency  Response 

M Hack  linger 

Gauting,  Federal  Republic  of  Germany,  Acustica, 
^ (5),  pp  323-330  (Apr  1978)  10  figs,  4 refs 

Key  Words:  Violins,  Musical  instrumants.  Frequency  re- 
sponse method.  Experimental  data 
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Tb*  fraquancy  ratponw  ol  comotata  yiolini  and  o<  laolalad 
bridgat  hat  baan  maaturad  at  vary  vnall  atnfMitudat  by 
harntonic  aicitation  o(  (ha  dampad  tiringt  and  racordmg 
ol  laiaral  bridga  top  movamant.  Bridga  raqranaa  curvat  htwa 
baan  obtainad  by  mounting  tha  bridga  on  a "muta  violin" 
mhaia  tha  bridga  baaa  mat  complataly  rigid.  It  nvat  hMind 
that  balow  1000  Hi  tha  alattic  propartiat  ol  tha  bridga  hara 
littia  inlluanca  on  total  vibration  mharaat  batmaan  1 and 
3 kHi  tha  bridga  axhibitt  pronouncad  ratonanca  paaki  with 
a strong  inlluanca  on  violin  timbra.  Tha  maaturad  dacraaM 
ol  bridga  itatural  Iraquancy  Mith  additional  mattai  at  tha 
bridga  top  agraat  wall  with  thaoratical  pradiction  lor  a timpla 
matt-giring^nodal.  By  maaturing  bridga  ttillnatt  lor  tha 
lundamantal  vibration  moda  and  bridga  Iraquancy  ra«>onia 
ol  dillarant  giacimant,  corralationt  h«ra  baan  attablidiad 
batwaan  tha  gaomatric  and  alattic  propartiat  ol  tha  bridga 
and  thair  inlluanca  on  violin  timbra.  Tha  ratuitt  h«ra  baan 
applied  to  a larga  numbar  ol  inprumantt  with  contittanl 
ratuitt  ol  violin  timbra  chartgat. 
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JOURNAL  OF  ENVIRONMENTAL  J.  Environ. 
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Cannon  House 
Folkestone,  Kent,  UK 


MTZ  Motor- 
tech.  Z. 


Naval 
Engr.  J. 


Noise 

Control 

Vib. 

Isolation 


Noise 

Control 

Engr. 

NE  Coast 
Instn.  Engrs. 
Shipbldrs.. 

Trana 


NucL  Engr. 
Dea 


Oil 

Gas  J. 


Osaka  Univ., 
Tech.  Kept. 


Package 

Engr. 


Physics 

Today 


Power 


Power 

Transm.  Dea 


Product 
Engr.  (NY) 


Quart.  J. 
Mech.  Appl. 
Math. 


109 


PUBLICATION  AND  ADDRESS  ABBREVIATION 


PUBi  ICATION  AND  ADDRESS  ABBREVIATION 


KKVUK  KUUMAINK  DCS  SCiKNCKS 

Rev. 

TRANSACTIONS  OF  THE  INSTRUMENT 

TECIINigUF.S,  SKKIE  DK  MficANigUE 

Ruumaine 

SOCIETY  OP  AMERICA 

APPLigUEE 

Scl  Tech., 

Instrument  Si»clelv  of  America 

Editions  De  L*Academle 

Mlcanique 

400  Standis  St. 

De  La  Republlque  Soclaliste  de  Roumante 
3 Bis  Str.,  Gutenberi,  Bucurest.  Romania 

Pittsburgh.  PA  15222 

Tl'HBOMACIIlNKRY  INTERNATIONAL 

REVIEW  OF  SCIENTIFIC  INSTRUMENTS 

Rev. 

Turbomachinery  PubUcaUons.  Inc. 

American  InaUtute  of  Physics 

Scientific 

22  South  Smith  St. 

336  East  46th  St. 

New  York.  NY  10017 

Instr. 

Norwalk.  CT  06855 

VDI  ZEITSCHRIFT 

SAE  PREPRINTS 
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Society  tor  Industrial  and  Applied 
Mathematics 

Lithuania 

33  8.  17th  St. 

WEAR 

PhUadelphia.  PA  19103 

Elsevier  Sequoia  S.A. 

P.  O.  Box  851 

SOCIETY  OF  NAVAL  ARCHITECTS  AND 

Soc.  Naval 

1001  Lausanne  1, 

MARINE  ENGINEERS.  NEW  YORK. 

Arch.  Mar. 

Switzerland 

TRANSACTIONS 

Engr.,  Trans. 

Society  of  Naval  Architects  and 

i^EITSClIHlFT  fOr  ANOKWANDTF 

Engineers 

MATIIKMATIK  UND  MF.rilANIK 

20th  and  Northhampton  St. 

Akademte  Verlag  GmbH 

Easton,  FA  18042 

Liepziger  Str.  3-4 

108  BerUn. 

S/V.  SOUND  AND  VIBRATION 

S/V, Sound 

Germany 

Acoustic  PubllcaUons,  Inc. 

Vlb. 

27101  E.  Ovist  Rd. 

ZEITSCHRIFT 

BayVUUge,  OH  44140 

kOr  FLUGWISSENSCHAFTEN 

DFVLR 

TECHNISCHES  MESSEN  • ATM 

Techn. 

D-3S00  Braunschweig 

R.  Oldenburg  Verlag  GmbH 

Measen 

Klughalen,  Postfach  3267 

Rosenhelmer  Str.  146 

8 MOnchen  80,  W.  Germany 

W.  Germany 

ANNUAL  PROCEEDINGS  SCANNED 


INTERNATIONAL  CONGRESS  ON  InU.  Cunt. 

ACOUSTICS.  ANNUAL  PROCEEDINGS  Acoutl., 

Pror. 


INSTITUTE  OF  ENVIRONMENTAL 
SCIENCES,  ANNUAL  PROCEEDINGS 
IniUtute  of  Envtronmenul  Sciences 
940  E.  Northwest  Hlthwsy 
Mt.  Prospect.  IL  600(16 

MIDWESTERN  CONFERENCE  ON 
SOLID  MECHANICS,  ANNUAL 
PROCEEDINGS 


Inst.  Environ. 
Scl..  Proc. 


MIdw.  Conf. 
Solid  Mech. 
Proc. 


THE  SHOCK  AND  VIBRATION  BULLETIN, 
UNITED  STATES  NAVAL  RESEARCH 
LABORATORIES,  ANNUAL 
PROCEEDINGS 

Shock  and  Vibration  Information  Center 
Naval  Research  Lab.,  Code  8404 
Washlniton.  D.C.  20375 

UNITED  STATES  CONGRESS  ON 
APPLIED  MECHANICS,  ANNUAL 
PROCEEDINGS 

WORLD  CONGRESS  ON  APPLIED 
MECHANICS,  ANNUAL  PROCEEDINGS 


Trans. 
Instr.  Sue. 
Amer 


Turbomach. 

InU- 


VDI  Z. 


Vehicle 
Syst.  Dyn. 


Vlbr«»- 

technlka 


Wear 


Z.  antew. 
Math.  Mech. 


Z.  Flugwltf 


Shock  Vib. 
BuU.,  U.S. 
Naval  Res. 
Lab.,  Proc. 


U.S.  Cont. 
AppL  Mech., 
Proc. 

World  Cont- 
Appl.  Mech., 
Proc. 


no 


CALENDAR 


FI-BRUARY  1979 


26-Mar  2 Congrau  & Expoiltion.  ISAE)  Cobo  Hall,  Oiilrolt, 
Ml  ISAE  Meeting  0»pt.,  400  Commonwaalth 
Dr.,  Wkmndtie.  PA  150961 


MARCH  1979 


12-1S  Ga>  Turbine  Conference  and  Exhibit,  (ASMEl 
Son  Dinqo.  CA  (AS¥E  Hq.l 


APRIL  1979 


4-6  Structures,  Structural  Dynamics  and  Materials 
Conference,  lAIAA  ASMEJ  Chas*' Park  Pla/a  Ho- 
lol,  St  Louis,  MO  lASAff  Hq  ) 

30-Mav  2 NOISE-CON  79,  lINCtI  Purdue  University,  IN 
INOISECON  /9,  1 16  Sfowart  Center,  Purdue 
University,  West  Lefeyette,  IN  4/90/  ■ Te!  131/1 
/49-2S33I 

30-May  2 Environmental  Sciences  Meeting,  (ILSI  Seattle, 
WA  IDr.  Amirem  Roffmen,  Energy  Impect  Assoc., 
Inc.,  P O.  Box  1899.  Pittsburgh.  PA  1 5230  Tel. 
14 1 21  256-56401 

30-May  3 1979  Offshore  Technology  Conference,  (ASMLi 
Astrohiill,  Houston,  TX  lASME  Hq.) 


MAY  1979 


7-10  Design  Engineering  Conference  A Show,  lASML) 
McCormick  Place,  Chicago,  IL  lASME  Hq.l 

20-25  Spring  Meeting  and  Exposition,  ISESA)  San 
Francisco,  CA  ISESA,  21  Bridge  Square,  P.O,  Box 
2//,  Saugatuck  Sta.,  Westport,  CT  06880  ■ Tel. 
12031  22/0829) 


JUNE  1979 


12-16  Acoustical  Society  of  America,  Spring  Meeting, 
[ASAl  Cambridge,  MA  (ASA  Hq.) 

18-20  Applied  Mechanics,  Fluid  Engineering  and  Bio- 
engineering Conference,  (ASMF  CSME)  Niagia 
Hilton  Hotel,  Niagra  Falls,  NV  lASME  Hq.) 

JULY  1979 


9-13  5th  World  Congress  on  the  Theory  of  Machines 
and  Mechanisms,  (ASMf.  I Montreal,  Quebec, 
Canada  lASME  Hq.) 


SEPTEMBER  1979 


10-12 

ASME  Vibrations  Conference.  lASMtl  St.  Louis, 
MO..  (ASMBHq.i 

10-13 

Off-Ffighway  Meeting  and  Exposition,  (SACI 
MECCA,  Milwaukee,  Wl  ISAE  Meeting  Dept., 
400  Commonwealth  Dr.,  Warrendale,  PA  15096) 

11-14 

INTER-NOISE  79,  lINCtI  Warsaw,  Poland, 
UNTER  NOISE  /9.  IPPT  PAN,  ul.  Swietokrtyska 
21,  00-049  Warsaw,  Poland) 

OCTOBER  1979 

7 11 

Fail  Meeting  and  Workshops.  iStSA]  Mjson,  OH 
{S€SA.  21  Brtdge  Square.  P.O,  Boa  277.  Saugatuck 
Sta..  Westport.  CT  06880  . Tel.  (203)  227  0829) 

16-18 

50th  Shock  and  Vibration  Symposium,  Colorado 
Spiings,  CO  IH.C.  Pusey,  Director,  The  Shock  and 
Vibration  Information  Center,  Code  8404,  Nava! 
Research  Lab.,  Washington,  D C.  203/5  - Tel  1202) 
/6/3306) 

16-18 

Joint  Lubrication  Conference.  (ASLf-  ASME) 
Dayton.  OH  (ASME  Hq.) 

NOVEMBER  1979 

4-6 

Diesel  and  Gas  Engine  Power  Technical  Confer- 
ence. San  Antonio.  TX  (ASME  Hq.) 

5 8 

Truck  Meeting,  ISAEl  Marriott.  Ht  Waynn.  IN 
(SAE  Meeting  Dept..  400  Comrrtonwealth  Dr., 
Warrendale.  PA  15096) 

26-30 

Acoustical  Society  of  America,  Fall  Meeting. 

lASAl  SiHt  Lake  City.  UT  (ASA  Hq.) 

DECEMBER  1979 

2 7 

Winter  Annual  Meeting,  (ASMC  I Statinr  Milton. 
New  York.  NY  (ASME  Hq.) 

III 


CALENDAR  ACRONYM  DEFINITIONS  AND  ADDRESSES  OF  SOCIETY  HEADQUARTERS 


AFIPS 

AGMA 

AHS 

AIAA 

AlChE 

AREA 

AHS 

ARPA 

ASA 

ASCE 

ASME 

ASNT 

ASQC 

ASTM 

CCCAM 


American  Feileration  of  Information 

ICF; 

International  Congress  on  Fracture 

ProcessirKj  Societies 

Tohoku  Univ, 

2t0  Summit  As^  . Montvale.  NJ  0764b 

Sendai,  Japan 

American  Gear  Manufacturers  Association 

IEEE 

Institute  of  Electrical  and  Electronics  Engineers 

1330  Mass  Ave.,  N W. 

345  E.  47th  St. 

Washington.  D C 

New  York.  NY  10017 

American  Helicopter  Society 

lES 

Institute  of  Environmental  Sciences 

132b  18  St.  N W, 

940  E.  Northwest  Highway 

Washington.  0 C 20036 

Mt.  Prospect.  IL  60056 

Anvrican  Institute  of  Aeronautics  and 

IFToMM 

International  Federation  for  Theory  of 

Astronautics.  1 290  Sixth  Ave. 

Machines  arxl  Mechanisms.  U.S.  Council  for 

New  York.  NY  10019 

TMM.  c/o  Univ.  Mass..  Dept.  ME 

American  Institute  of  Chemical  Er>gineers 
34b  E 47th  Si 

INCE. 

Amherst,  MA  01002 

Institute  of  Noise  Control  Engineering 

New  York.  NY  10017 

P.O  Box  3206,  Arlington  Branch 

American  Railway  Eniimeering  Association 
b9  fc  Van  Buren  St. 

ISA 

Poughkeepsie,  NY  12603 

Instrument  Society  of  America 

Chicago.  IL  60605 

400  Stanwix  St. 

American  Helicopter  Society 

30  t.  42nd  St 

ONR. 

Pittsburgh,  PA  15222 

Office  of  Naval  Research 

New  York.  NY  10017 

Code  40084,  Dept.  Navy 

Ailvanci?il  Research  Projects  Agency 

SAE 

Arlington,  VA  22217 

Society  of  Automotive  Engineers 

Acoustical  Society  of  America 

400  Commonwealth  Drive 

33b  E.  4bth  St 

Warrendale,  PA  15096 

New  York.  NY  10017 

SEE 

Society  of  Environmental  Engineers 

American  Society  of  Civil  Engineers 

6 Conduit  St. 

34b  E.  45th  St, 

London  WIR  9TG,  UK 

New  York.  NY  10017 

SESA 

Society  for  Experimental  Stress  Analysis 

American  Society  of  Mechanical  Engineers 

21  Bridge  Sq. 

34bE.4bthSt. 

Westport.  CT  06880 

New  York.  NY  10017 

SNAME 

Society  of  Naval  Architects  and  Marine 

American  Society  for  Norvlestructlve  Testirtg 

Engineers.  74  Trinity  Pi. 

914  Chicago  Ave 

New  York,  NY  10006 

Evanston.  IL  60202 

SPE 

Society  of  Petroleum  Engineers 

American  Society  for  Quality  Control 

6200  N.  Central  Expressway 

161  W.  Wisconsin  Ave, 

Dallas.  TX  75206 

Milwaukee,  Wl  53203 

SVIC 

Shock  and  Vibration  Information  Center 

American  Society  for  Testing  aixl  Materials 

Naval  Research  Lab.,  Code  8404 

1916  Race  St 

Washington.  D.C.  20375 

Philadelphia,  PA  19103 

URSIUSNC 

International  Union  of  Radio  Science  - US 

Chairman,  c/o  Dept.  ME.  Univ.  Toronto. 

National  Committee  c/o  MIT  LifKoln  Lab.. 

Toronto  5.  Ontario.  Canada 

Lexington,  MA  02173 
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PUBLICATIONS  AVAILABLE  FROM 
THE  SHOCK  AND  VIBRATION  INFORMATION  CENTER 
Code  8404,  Naval  Research  Laboratory,  Washington,  D.C.  20375 


j 

i ■ 


PRICES 

Effective  1 Nov.  1978 
U.S.  FOREIGN 


SHOCK  AND  VIBRATION  DIGEST 


SVD-n  (Jan.  • Dec.  1979) 

$100.00 

$125.00 

SHOCK  AND  VIBRATION  BULLETINS 

SVB47 

$ 30.00 

S 37.50 

SVB48 

60.00 

75.00 

SHOCK  AND  VIBRATION  MONOGRAPHS 

SVM-2,  Theory  and  Practice  of  Cushion  Design 

S 10.00 

$ 12.50 

SVM-4,  Dynamics  of  Rotating  Shafts 

10.00 

12.50 

SVM-5,  Principles  and  Techniques  of  Shock  Data  Analysis 

10.00 

12.50 

SVM-6,  Optimum  Shock  and  Vibration  Isolation 

10.00 

12.50 

SVM-7,  Influence  of  Damping  in  Vibration  Isolation 

15.00 

18.75 

SVM-8,  Selection  and  Performance  of  Vibration  Tests 

15.00 

18.75 

SVM-9,  Equivalence  Techniques  for  Vibration  Testing 

15.00 

18.75 

SVM-10,  Shock  and  Vibration  Computer  Programs 

25.00 

31.25 

SPECIAL  PUBLICATION 

An  International  Survey  of  Shock  and  Vibration  Technology 

60.00 

75.00 

To  order  ar^y  publication,  simply  check  the  line  corresponding  to  that  publication  that  appears  below,  and  mail 
the  postage  free  card.  You  will  be  invoiced  at  the  time  of  shipment. 


Please  send  the  following  publicatlon(s)  to  me; 


I Name 

i 

I Address 


Mail  invoice  to:  (if  other  than  above) 


SVD  11 

SVM  6 

SVB47 

SVM  7 

SVB48 

^ SVM  8 

SVM  2 

SVM  9 

SVM4 

SVM  10 

SVM5 

International  Survey 

